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Preface 


A  multiphase,  comprehensive  water  quality  study  at  Richard  B.  Russell, 

J.  Strmn  Thurmond,  and  Hartwell  Lakes  was  initiated  in  October  1983  as  a 
cooperative  effort  by  the  U.S.  Army  &tgineer  District,  Savannah  (SAS),  and 
the  U.S.  Army  Engineer  Waterways  Erqrerimeru  Station  (WES).  This  n^rt, 
which  covers  the  period  January  to  December  1988,  is  the  fifth  in  a  series  of 
anfiai  interim  rqmrts  documenting  findings  and  results.  It  is  a  summary 
rqwrt  and  is  submitted  in  accordance  with  the  “Scope  of  Work:  Water 
(Quality  M(»itoritig  Program  •  Ridiard  B.  Russell  and  Lake.  Georgia  and 
South  Carolina”  (Intra-Army  Order  No.  PD-EI-84-07). 

This  report  was  prepared  by  Mr.  Steven  L.  Ashby,  Dr.  Robert  H.  Kennedy, 
Mr.  Joe  H.  Carndl,  and  Dr.  John  J.  Hains  of  the  Environmental  Laboratory 
(EL),  WES.  Dr.  Kennedy  and  Mr.  Carroll  were  responsible  for  the  conduct  of 
the  study  aird  for  preparation  of  dtis  report  The  work  was  conducted  urVier 
die  direa  siqrervision  of  Dr.  Richard  E.  Price,  Acting  Chief,  Ecosystem  Pro¬ 
cesses  and  Effects  Branch,  and  under  the  general  supervision  of 
Mr.  Donald  L.  Robey.  Chief,  Environmental  Processes  and  Effects  Division, 
and  Dr.  John  W.  Kedey,  Director,  EL. 

Dr.  Robert  W.  Whalin  was  Director  of  WES  during  the  prqiaraticHi  of  the 
r^rt  COL  Bruce  K.  Howard,  EN.  was  Commander. 

This  repmt  should  be  cited  as  follows: 

Ashby,  S.  L.,  Kennedy,  R.  H.,  Carroll,  J.  H.,  and  Hains,  J.  J. 
(1994).  “Water  quality  studies:  Richard  B.  Russell  and  J. 
Strom  Thurmond  lakes;  Summary  report,"  Miscellaneous 
Paper  EL-94-6,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 


Conversion  Factors,  Non-Si  to 
SI  Units  of  Measurement 


N(m-SI  units  of  measurement  used  in  this  report  can  be  convened  to  SI  units 
as  follows: 


MuMaly 

By 

TeObWn 

mSM  (U.S.  tMulB) 

1.600347 

kSonwlMB 

tom  (short,  2.000  lb) 

907.1847 

kaograms 

1  Introduction 


Water  Quality  Management  Concerns 

The  multi-use  nature  of  reservoirs  often  necessitates  diverse  management  to 
maintain  maximum  potmitial  benefits  of  diese  national  resmirces.  Historically, 
reservoirs  have  been  managed  and  operated  primarily  to  provide  flood  control, 
hydroelectric  power  generation,  and  water  supply.  However,  in  recem  years, 
utilizatkm  of  reservoirs  has  been  expanded  to  include  fish  and  wildlife  habitat, 
water  quality  control,  and  water-basnl  recreation.  Increasing  emi^iasis  tm  the 
environmental  and  recreational  value  of  reservoirs  has  resulted  in  increased 
puUk  demand  for  die  protection  of  such  a  resource.  This,  in  turn,  has 
pmnpted  efforts  to  bener  understand  reservoir  water  quality  {Hxxxssses  and  to 
develop  sound  management  strategies  for  the  protection  of  this  resource. 

UrruKdogists  and  others  concerned  widi  the  management  of  reservoir  water 
quality  evaluate  water  quality  processes  relative  to  influences  of  reservoir 
operations  and  resultant  impacts  on  water  quality.  Commonly  encountered 
water  quality  management  concerns  are  hypolinmtic  anoxia,  die  accumulation 
in  booira  waters  of  reduced  metals  such  as  iron  and  manganese,  and  excessive 
rates  of  algal  production.  In  cases  in  which  operational  procedures  require  the 
withdrawal  of  water  from  anoxic  botttxn  strata,  downstream  areas  are  exposed 
to  elevated  m^,  rmtrient.  and  hydrogen  sulfide  levels  and  the  influx  of 
oxygen-deficient  release  waters.  Such  ccmditions  impaa  aesthetic,  recreational, 
and  watm-use  values  and  threatmi  fish  and  wildlife  habitat. 


Objdctlves  of  Long-Term  Study 

The  construction  of  Richard  B.  Russell  Dam  and  die  impoundment  of  the 
48-km  reach  of  the  Savannah  River  between  Hartwell  Dam  and  J.  Strom  Thur¬ 
mond  Lake  (formerly  called  Clarks  Hill  Lake)  raised  concerns  over  water 
quality  conditions  in  the  newly  filled  Ridiard  B.  Russell  Lake  and  the  potential 
impact  of  resmvoir  releases  on  the  water  quality  of  J.  StrcHU  Thuiinond  Lake. 
Accordingly,  these  concerns  were  addressed  as  major  objectives  of  an  intensive 
water  quality  study  to  (a)  describe  post-impoundment  water  quality  conditions 
in  Richard  B.  Russell  Lake:  (b)  document  die  impacts  of  the  irew  impound¬ 
ment  (m  water  quality  conditions  in  J.  Strom  Thurmond  Lake,  and 
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(c)  evaluate  the  effectiveness  of  the  oxygenation  system  in  ameliorating 
potential  water  quality  problems  in  Richard  B.  Russell  Lake  and  its  tailwater. 


Scope 

The  U.S.  Army  Engineer  Waterways  Experiment  Station,  through  coopera¬ 
tive  agreement  with  the  Savannah  District  of  the  Soudi  Atlantic  Division  of  the 
Coips  of  Engineers,  began  this  investigation  in  October  1983.  This  report 
doc^ents  the  results  of  the  fifth  year  of  the  investigation  and  summarizes  die 
major  results  of  5  years  of  observation  regarding  the  above-mentioned  objec¬ 
tives.  The  study  involved  a  combination  of  routine  and  event-  or  process- 
oriented  data  collection  efforts  in  Richard  B.  RusseU  and  J.  Strom  Thurmond 
Lakes  at  representative  sampling  stations  estaUished  in  the  lakes  and  their 
tailwaters.  The  forebay  region  and  tailwater  of  Hartwell  Lake  were  also  sam- 
fded  on  a  routine  basis.  Other  studies  of  specific  events  or  processes  influenc¬ 
ing  water  quality  were  conducted  over  shorter  time  periods  and  with  greater 
sampling  intensity. 

Also,  a  special  study  to  identify  sediment  deposition  in  selected  regions  of 
Richard  B.  Russell  Late  and  J.  Strom  Thurmond  Late  was  conducted  in 
1988. 
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Chapter  1  Introduction 


2  Site  Description 


The  Savannah  River  Basin  is  long  and  relatively  narrow  with  its  long  axis 
lying  in  a  northwest-southeast  direction.  The  maximum  length  of  the  basin  is 
neatly  402  km.  vtdule  the  maximum  width  is  approximately  1 13  km.  The  total 
area  of  the  basin  is  27.400  km^  The  Savaimah  River  originates  on  the  south¬ 
ern  slqte  of  the  Blue  Ridge  Mountains  in  North  Carolina,  and  flows  in  a 
souriieasteily  direction  duough  the  Piedmmu  Plateau  and  Coastal  Plain  along 
die  boundaty  between  Geoigia  and  North  and  South  Carolina. 

PrtMnpted  by  the  need  for  flood  control,  stieamflow  regulation,  and  water 
siqjfdy  in  the  basin,  the  U.S.  Army  Coijk  of  Engineeis  constnicted  Claries  Hill 
Dam  (now  known  as  J.  Strom  Thurmond  Dam  and  Reservoir)  in  1954. 
Hartwell  Dam,  cmnpletBd  in  1963,  extended  impoundment  of  die  Savannah 
River  into  its  two  major  tributaries,  the  Tugaloo  and  Seneca  Rivers. 

Ridiard  B.  Russell  Dam  and  Reservoir  was  authorized  as  Trotters  Shoals  Dam 
on  7  November  1966  by  the  “Flood  Control  Act  of  1966”  (PuUic  Law  89-789, 
Eighty-Ninth  Congress  HR  18233)  to  provide  power  goteration,  incidental 
flood  control,  recreation,  fish  and  wildlife  habitat,  stieamflow  regulation,  and 
water  siqiply.  Richard  B.  Russell  Dam,  comjtieted  December  1983,  impounds 
the  Savaimah  River  between  Hartwell  and  J.  Strom  Thuimtmd  Lakes 
(Rgure  1).  Major  {diysical  and  moiidiometric  features  of  the  three 
impoundments  are  listed  in  Table  1.  Descriptions  of  die  basin  and  associated 
Umdfoims  are  presented  in  Design  Memorandum  8  for  Russell  Dam  and 
Reservmr  (U.S.  Army  Engineer  District,  Savannah  1974)  and  summarized 
below. 

TopogRQihy  in  die  basin  is  characterized  by  genUy  slqnng  upland  areas  cut 
by  gullies  stream  valleys.  Relief  is  more  nigged  in  areas  adjacent  to  die 
Savannah  River  where  well-develOped,  moderately  steep  to  steep  ridges  and 
ravines  form  the  topogrt^y.  Stream  elevation  varies  horn  274  m,  referred  to 
die  National  Geodetic  Vertical  Datum  (NGVD),  above  Hartwell  Dam  to  SS  m 
NGVD  below  J.  Strom  Thurmond  Dam. 

Rodt  formations  of  the  mountain  section  and  the  Piedmont  Plateau  are 
primarily  igneous  or  metamorphic  in  origin,  and  include  granites,  gneisses, 
schists,  basic  enqitives,  and  highly  metamorphosed  shales,  sandstones,  and 
limestones.  Chi  most  levd  or  ger^y  sloping  areas,  the  rocks  are  disintegrated 
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Figure  1.  Locations  of  Hartwell,  Richard  B.  Russell,  and  J.  Strom  Thurmond 
Lakes  in  the  Upper  Savannah  River  watershed 


to  a  dqrth  of  many  meters  and  the  surface  is  largely  formed  of  residual 
material  Exposed  rock  outcrops  are  mostly  coniirKd  to  summits,  steq)  slopes, 
and  stream  channds. 
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Chapter  2  Site  Description 


1  Tabtei 

1  Physical  Chmctariatlcs  of  J.  Strom  ITiurmond,  Richard  B. 

1  fhiaiali,  and  Hartwell  Lakes 

c_ 

J.  Strom 
Thurmond 

Laka 

Riehard  B. 

RueaeULaka 

Hartwell  Laka 

Mu  ponMT  pool  ol.  m  NQVO 

100.6 

144.8 

201.2 

Mn  power  pool  ol,  m  NOVO 

95.1 

143.2 

190.5 

Flood  control  pool  d.  m  NQVO 

102.1 

146.3 

202.7 

Suifne  orM,*  km* 

283.2 

107.9 

226.6 

Volurno,*  10*  m* 

3,023.3 

1.271.0 

3,146.7 

Mom  mum  depth,*  m 

45 

47 

55 

Meen  depdi,*m 

11 

12 

14 

Reeetvolr  lengtti,*  km 

63 

45 

70  Tugaloo  R. 

ShoieUne  len^,*  km 

1,030 

885 

72  Seneca  R. 
1,548 

ShoreNne  devetopment  ratb* 

3ao 

24.5 

29.0 

Oreineoe  area,*  km* 

14,906 

7,508 

5.406 

11  rieeldenoe  Sne.*  diy 

1  Mean  deeharge,  m*  •' 

144 

102 

306 

243.6* 

143.8* 

119.0* 

1  Top  of  penetock  el,  m  NOVO 

88.4 

133.2 

181.4 

1  Boaom  of  penstock  el,  m  NQVO 

69.5 

110 

160.9 

1  *  At  maximum  power  pool  elewtfion. 

U  *  Mean  dtoctwiige  tor  toe  period  1025-1973. 

J  *  Mean  iwer  dactrarge  for  31  yews. 

The  basin  experiences  a  maritime  climate  wirii  mild  winters,  long  summers, 
and  moderate  to  hig^  rainfall  (1 14  to  152  cm  per  year).  While  subject  to  con¬ 
tinental  influences,  it  is  protected  by  tiie  Blue  Ridge  Mountains  flom  the  more 
rigorous  winters  prevailing  in  the  Tennessee  Valley.  The  mean  temperature  for 
the  t«sin  is  tqtproximately  16  °C.  During  the  coldest  months  of  the  year,  ni^t 
temperatures  fiequenlly  reach  tytinoximately  -7  °C.  During  the  warmest 
mtmths  of  the  year  tonperatures  often  exceed  32  **0.  At  lower  elevations,  the 
winters  are  milder  and  the  summer  temperatures  greater. 

Land  use  is  fttiiiy  uniform  throughout  die  basin  with  woodlands  comprising 
60  percent,  and  pasture  and  crofdand  about  35  percent  of  the  area.  A  small 
(5  percem),  but  growing,  portitm  of  the  watershed  is  exposed  to  urban  and 
reoeational  use.  The  wooded  uplands  consist  of  mixed  pine  and  hardwood 
forest,  whose  timber  provides  one  of  the  major  industries  of  the  area.  Cleared 
lands  are  devoted  primarily  to  cultivated  crops  and  pasture. 

The  waters  of  the  Savannah  River  above  J.  Strom  Thurmond  Dam  are  rela¬ 
tively  free  of  pollution.  Current  pwit  sources  of  pollution  are  minimal  with 
most  occurring  in  the  Hartwell  Lake  area.  Contamination  with  polychlorinated 
biphenyls  (PCBs)  in  Hartwell  Lake  has  been  reported  (Gaymon  1982). 
Numerous  small  wastewater  treatment  plants,  textile  miUs,  and  various  other 
industries  discharge  to  streams  and  lakes  within  the  study  area.  Due  to  the 
abundance  of  granitic  rock,  poorly  drained  soils,  and  the  steepness  of  slopes, 
surface  waters  tend  to  have  low  dissolved  solids,  low  alkalinity,  and  a  low  buf¬ 
fering  cipKtity. 
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3  Sampling  and  Analytical 
Methods 


Detailed  descriptions  of  the  sampling  methods  and  analytical  porceduies 
used  during  the  fifth  year  of  die  study  are  presented  in  previous  annual  reports 
(James  et  al.  1985, 1986).  The  locations  of  primary  sampL'tg  stations  in 
Hartwell  and  Richard  B.  Russell  Lakes  and  in  J.  Smm  Thurmond  Lake  are 
presented  in  Figures  2  and  3.  respectively.  In  situ  data  were  collected  moodily 
to  describe  temporal  and  spatial  patterns  of  temperature,  dissolved  oxygen 
conceiittatitni,  and  specific  conductivity.  Water  samples  for  idiysicochemical 
and  Uological  analyses  were  collected  seastmally.  I^ur  seasoned  sampling 
times  coincided  with  the  firing  hi^  flow  period,  the  early  and  late  stratifica¬ 
tion  periods,  and  the  period  following  fall  mixing.  Table  2  lists  the  types  of 
routine  analyses  made  during  the  study. 

In  addition  to  routine  water  quality  monitoring,  the  area  near  Richard  B. 
Russell  Dam  was  intensively  sampled  to  describe  influences  of  die  oxygenation 
system.  Fttsn  the  onset  of  thermal  stratificatitm  until  November,  weekly  in 
situ  measuremoits  were  collected  at  sta  060B,  KX®,  115,  and  120.  Monddy 
[diysioochetnical  data  were  also  collected  at  sta  040, 045,  050, 060B,  lOOB, 
and  120.  Additional  stations  and  dates  were  often  included  to  supplemem 
diese  data.  Temperature,  dissolved  oxygen,  pH,  specific  conductance,  and 
oxidation-teduction  potential  data  were  collected  in  situ  using  a  Hydrolab 
Surveyor  n  (Hydrolab  Oorp.,  Austin,  TX).  Monitoring  instruments  were  cali¬ 
brated  prior  to  each  field  use.  Temperature  was  calibrated  to  die  neatest 
0.1  **€  against  a  National  Bureau  of  Standards  (NBS)  certified  diermometer, 
dissolved  oxygen  by  air  calibration;  with  standard  buffer  solutions;  and 
i^iecific  conductance  using  known  standards.  Because  it  was  interpreted  pri¬ 
marily  as  an  indicator  of  reducing  versus  oxidizing  chemical  conditions,  and 
not  a  quantitative  measure,  minimal  emi^iasis  was  given  to  calibration  for 
oxidation-teduction  potentiaL  In  situ  measuremoits  were  also  collected  and 
recorded  houriy  at  sta  010,  050,  and  200  widi  Schneider  Water  (Quality  Moni¬ 
tors  (Kfodel  RM25.  Schneider  Instrument  Company,  Madeira,  Cincinnati,  OH). 

Water  samites  for  physicochemical  analyses  were  coUected  using  a  hose 
and  pump  at  ^ected  depths  throughout  the  wafer  colunm  at  each  lake  station. 
Samjdes  ftir  biological  a^yses  were  collected  as  integrated  samples  from 
airface  to  a  depth  equal  to  twice  die  Secchi  disk  dcp(h.  Sampling  and 
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Figure  2.  Locations  of  sampling  stations  on  Hartwell  and  Richard  B.  Russell 
Lakes 
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Chapters  Sampling  and  Analytical  Methode 


Figure  3.  Locatiorts  of  sampling  stations  on  J.  Strom  Thunnond  Lsdte 


Table  2 

VarMMes  for  Which  Samples  Were  Analyzed 


In 


Tmipsmiura  (T) 

Oteolwnd  Ox]^  (DO) 
pH 

SptcHic  Conductwwe  (CONO) 
Oxidition-nnduciion  Potential  (ORP) 
Sacehi  Disk  Transparency 


Total  Mkalinity 
SulMe 


Total  Iron  (TFE) 

Dissolvad  Iron  (DFE) 

Total  Manotetese  (TMN) 
OissoKted  Manganese  (DMN) 


Chkmptiylla 


Nutrtonts 

Total  Organic  Carbon  (TOC) 
Dissolved  Organic  Carbon  (DOC) 
Total  Phosphonis  (TP) 

Total  Soluble  Phosphorus  (TSP) 
Soluble  Reactive  Phosphorus  (SRP) 
Total  Nitrogen  (TN) 

Total  Dissolved  Nitrogen  (DN) 
Ammonia  Nitrogen  (NH4-N) 
Nitrate/Nitrite-NitiDgen  (N03IN02-N) 


analytical  methods,  digestion  and  filtration  techniques,  sample  holding  times, 
and  quality  control  statistics  are  presented  in  ^[^ndix  A.  Standard  methods 
(American  Public  Health  Association  1980;  U.S.  Environmental  Protection 
Agency  1979)  were  used  for  laboratory  analyses  of  water  samples. 
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4  Results  of  Study 


Hartwell  Lake 


Pool  elevation,  precipitation,  mean  daily  inflow,  and  mean  daily  discharge 
(outflow)  for  Hait>i^  Lake  during  1984-1988  are  dqricted  in  Figure  4. 
Hydrologic  condititms  in  1988  were  similar  to  those  of  1986  and  1987,  reflect¬ 
ing  seasonal  drought  condititHis.  While  pool  elevations  returned  to  near- 
normal  levels  during  tiie  1987-1988  wimer  period,  levels  during  tiie  summer 
decreased  to  1986  and  1987  summer  levels  due  to  below-normal  inflows  and 
operational  requirements  for  release. 

Monthly  temperature  data  cdlected  during  1988  at  tiie  Hartwell  Lake  fore¬ 
bay  (sta  210)  (^)ict  seasmal  changes  in  the  development  of  vertical  thermal 
structure  in  the  lake  (Figure  S).  Isothermal  conditions,  with  temperatures  rang¬ 
ing  fiom  8  to  10  X.  were  obwrved  fiom  January  until  mid-April.  Surface 
warming  and  die  (mset  of  tiiermal  stratiflcation  were  observed  by  late  April 
and  early  May,  with  estaUishment  of  a  well-developed  tiiermodine,  at  a  dqrth 
near  12  m,  occurring  by  early  May.  Surface  temperatures  continwd  to 
increase  to  near  28  **€  tiirou^iout  tiie  summer  seastm;  however,  the  tiiermo- 
cline  remained  near  a  dqrth  of  10  to  14  m.  Hypolimnetic  temperatures  during 
the  period  of  stratification  tanged  fiom  10  to  16  X.  Seastmal  cooling  in  late 
Sqj^ber  and  early  October  resulted  in  a  gradual  weakening  of  tiiennal  struc¬ 
ture  and,  by  mid-November,  fall  mixii^  had  retumed  the  lake  to  near  isotiier- 
mal  conditions  witii  temperatures  between  12  and  14  X. 

Tonpotal  and  vertical  trends  in  dissolved  oxygen  concentrations  were 
observed  at  sta  210,  ooinddem  with  the  develqment  of  thermal  gradients 
(Hgure  6).  While  remaining  near  8  to  10  mg/I  during  isothermal  conditions, 
disstdved  oxygen  ctmcentrations  began  to  decline  in  the  hypolimnion  as  tem- 
penoute  gradients  were  estaUished.  Hypolimnetic  dissolved  oxygen  concentra¬ 
tions  decreased  fimn  near  6.0  mg/I  in  early  July  to  near  2.0  mg/I  in 
Sq;>tember.  Anoxic  conditions  became  establitiied  in  botumi  waters  in  October 
and  pmsisted  until  late-December.  However,  following  fall  mixing  in  mid- 
Nbvembo',  dissolved  oxygen  concentrations  were  near  8  mg/I  throughout 
most  of  the  water  column. 
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Figure  6.  Temporal  and  vertical  changes  in  dissolved  oxygen  concentrations 
(mg/i)  in  the  forebay  of  Hartwell  Lake,  sta  210 
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Chapter  4  Results  of  Study 


Seasonal  measuiemotts  of  chemical  parameter  at  sta  210  indicate  concen- 
tnuion  variatkKK  were  most  |»onounced  during  development  of  thermal  gradi¬ 
ents  and  anoxic  conditions.  Vertical  gradients  in  manganese  and  iron 
concentrations,  associated  widi  anoxia,  were  the  most  pronounced.  Increased 
concentrations  of  manganese  (1.1  mg/t)  and  iron  (1.0  mg/f)  were  observed  in 
October  in  bottom  waters  at  su  210.  However,  manganese  concentrations 
were  greater  dun  the  detection  limit  (0.05  mg/l)  only  during  stratified  condi¬ 
tions,  at  which  time  manganese  was  primarily  in  diswlved  (i.e.  reduced)  forms. 
Iron  ooncentratkms  were  near  0.2  mg/t  for  most  of  the  year  and  except  during 
anoxia,  particulate  (i.e.  oxidized)  forms  comprised  die  majority  of  the  total  iron 
pool. 

Seasonal  trends  in  nittogen  concentrations  were  motterate  during  the  study 
period,  and  observed  concentratitms  were  below  0.5  mg/t  Minimum  total 
nitrogen  concentrations  (near  0.08  mg/f)  were  observed  in  January.  Concoi- 
tradons  increased  to  between  0.2  and  0.4  mg^,  horn  April  to  July,  and 
decreased  to  0.2  mg/l  in  October.  Dissolved  nitrogen,  piedominandy  organic 
fbnns.  comprised  the  majority  of  the  tmal  nitrogen  pool  for  most  of  die  year. 
Ammonia  concentrations  renaained  near  or  below  detection  limit  (0.02  mg/f) 
excqrt  in  anoxic  waters  n^re  concentrations  were  near  0.10  mg^ 

Seasoiul  trends  in  concentrations  of  other  parameters  were  less  apparent 
Pho^ihoius  concentrations  were  often  below  ^  detection  limit  (0.005  mg/t) 
and  observed  concentrations  did  not  exceed  0.010  mg/l  Total  organic  carb^ 
concentrations  of  vdiicfa  ranged  from  0.8  mg/f  to  1.6  mg/l  was  predomi¬ 
nantly  in  dissolved  fmms.  Tmal  alkalinity  values  rarrged  from  9  to  12  mg/l 
as  CaCX)3  and  typify  low  alkaline  ooiditkms  of  the  iqrper  Savannah  basin. 

Temperanire  and  dissolved  oxygen  concentrations  in  release  waters  from 
Hartwell  Dam  were  mntitoied  continuously  until  late  July,  at  which  time  the 
mmutor  became  inopetaUe  due  to  electrical  pfoUems.  Consequently,  evalua¬ 
tion  of  temperature  and  dissolved  oxygen  concentrations  in  the  relei^  waters 
is  limited.  Temperatures  gradually  increased  from  8  to  10  °C  (January  duou^ 
March)  to  15  to  17  (observed  in  August  and  October).  Dissolved  oxygen 
concenttatitms  remained  near  11  to  8  mg/f  from  January  through  Jurre;  how¬ 
ever,  a  value  of  3.7  mg/f  was  observed  in  October,  suggesting  concentrations 
below  4  mg/f  occurred  late  in  the  stratified  period. 

Moderate  seascmal  trends  in  chemical  parameter  concentrations  were 
observed  in  release  waters  and  were  reflective  of  conditions  in  the  Hartwell 
Lake  fmebay.  Maximum  manganese  and  iron  concertrations  (0.27  and 
0.20  mg/f,  respectively)  were  observed  durir^  periods  of  anoxia  in  the  fore- 
bay.  Maximum  observed  cmtcentratimis  of  total  nitrogen  (0.62  mg/f)  occurred 
in  July.  Maximum  observed  concentrations  of  total  phosf^tus  and  organic 
caitxxt  (0.071  and  2.7  mg/t  respectively)  occurred  in  January  and  were  reflec¬ 
tive  of  fotebay  concentrations  prior  to  die  1987  fall  mixing. 
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Richard  B.  Russell  Lake 


Pool  elevation.  ixeci(»tation,  mean  daily  inflow,  and  mean  daily  discharge 
for  Richard  B.  Rua^  Lake  during  1984-1988  are  deleted  in  Figure  7. 
Althmigjh  hydrotogic  conditions  were  similar  to  those  of  Hartwell  Lake,  pool 
elevatkms  in  Ridiard  B.  Russell  Lake  were  maintained  at  near-normal  levels 
during  1988,  diM  to  design  drawdown  of  die  conservation  pool. 

Spatial  patterns  in  thermal  structure  were  observed  alcmg  the  main  stem  of 
Rid^  B.  Russdl  Lake  (Bgure  8).  Thermal  stratification  was  presem  frmn 
the  dam  to  die  headwater  region  (sta  060B  to  190)  firom  late  Match  durough 
September.  Changes  in  mondily  tempmature  at  sta  120  exemidily  the  seasonal 
potimn  of  diennal  devdopment  in  the  lake  (Rgure  9).  Stradficadon  began  in 
late  Mardi  and  a  wdl-estaUished  theimocline  was  jmsent  near  a  dqrth  of  6  m 
by  mid-May.  The  theimocline  remained  near  a  depth  of  6  to  8  m  throu^iout 
theseasoa  IXiiing  most  of  tfieimal  stradficadon.  epilimnetic  temperatures 
were  between  20  and  28  and  hypdimnedc  temperatures  were  between  12 
and  16  **C.  Seasonal  coding  in  lite  September  and  early  October  decreased 
suifme  water  temperatures  and  gradudly  wedtened  the  diermocline.  Contin¬ 
ued  coding  and  wind-induced  mixing  resulted  in  con^rlese  mixing,  and  nearly 
isottieimal  conditions  were  observed  in  late  October. 

Temporal  nd  spdial  grarfienis  in  dissdved  oxygen  were  apparent  along  the 
main  stem  of  the  lake  during  the  period  of  stradficatum  (Figure  10).  Dis¬ 
sdved  ox]^en  coacentiadons  remained  near  8  to  10  mg^l  in  die  qnlimnion  of 
the  lake,  udrfle  gradually  declining  in  die  hypolimnian.  Dissdved  oxygen 
ooncentradons  greater  dun  4  mg/I  w«e  present  dnoi^^ioot  surfiax  waters  in 
the  main  stem  and  drrou^ioiit  the  water  column  in  the  mid-  and  igrstream 
r^km  of  the  main  stem.  Anoxic  coodidom  in  die  main  stem  of  tte  lake  were 
confined  to  bottom  waters  betweni  sta  100  and  stt  120.  Data  from  sta  120 
indicate  that  anoxic  oooditioas  in  die  hypolimnion  were  established  by  nud- 
Jime  and  oondnued  until  late  October  (Figure  11).  hi  general,  anoxic  condi- 
dpns  were  confined  to  die  bottom  6  to  10  m  in  downstream  r^on  of  the 
lake. 

Gradietas  in  conductivity  values  observed  in  the  main  stem  of  the  lake 
cdnckled  with  anoxic  oondidons  ^gure  12).  Conductivity  levels  were  near 
40  pS  fiir  most  of  the  lake;  however,  increased  levels  (40  to  70  pS)  were 
observed  in  anoxic  waters  of  die  downstream  regkxi.  Increased  conductivity 
may  be  attributaUe  to  increased  concentrations  of  dissolved  constituents 
released  from  the  sediments  in  craijunctkm  with  anaeredne  processes. 

Spatial  trends  in  die  ctmeentrations  of  chemical  parameters  were  most  pro- 
nourioed  during  stratification.  Maximum  observed  main  stem  ctmcentratimis 
occurred  in  die  bottnn  waters  of  the  downstream  region  of  the  lake  coincidott 
with  anoxic  conditions.  As  a  result,  longitudiiud  and  vertical  concentration 
gradients  were  tpparent  altmg  die  main  stem  of  the  lake  (Figure  13). 
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Figure  9.  Temporal  and  vertical  changes  in  temperature  (X)  in  the  lower 
region  of  Richard  B.  Russell  Lake,  sta  120 

concentntiai  gradients  depict  ^tial  variaUlity  in  the  downstream  region  of 
the  lake  (Figure  14).  In  general,  concentratimis  increased  in  a  downstream 
direction  to  sta  lOOB;  however,  cmcattratitms  downstream  of  sta  lOOB  were 
lower  during  the  study  period.  Ircm  was  inimarily  in  dissolved  forms  in  anoxic 
waters  0.e.  sta  120  hypoUmnion  and  immediate  bottom  waters  of  sta  lOOB). 
Increased  particulate  iron  cmcentraticns  in  areas  near  and  downstream  of  the 
oxygenation  system  suggest  oxidioitm  and  formation  of  particulate  iron  in  the 
region  of  the  lake  influenced  by  hypolimnetic  oxygenation  (Hgure  15).  Resul¬ 
tant  precipitation  of  particulate  irtm  downstream  of  the  oxygenation  system 
may  accoum  for  decreased  total  iron  ctmcentraticms  observed  in  the  for^y  of 
die  lake. 

Total  manganese  concentrations  ranged  frimi  detection  limit  (O.QS  mg/f)  to 
1.56  mg^  (Figure  13)  and  dissolved  mai^anese  comprised  the  majority  of  the 
total  manganese  pool  Total  manganese  concentrations  began  to  increase  in 
bottom  waters  in  late  .^)fil,  and  peak  ctmcentraticms  were  observed  inmi  July 
through  October  (Figure  16).  Concentrations  returiKd  to  near  detection  limits 
following  die  fan  mixing.  Concentrations  greater  than  030  mg/(  were  con¬ 
fined  to  dqahs  greater  dian  25  m.  Particulate  manganese  was  not  observed  in 
die  lake  at  concentrations  greater  than  0.1  mg/i  during  the  study  period. 

Total  phosphorus  and  nitrogen  concoitratiCHis  displayed  temporal  and  spa¬ 
tial  patterns  similar  to  iron  and  manganese  (see  Figure  13),  but  omcentratimi 
gradients  were  less  pronounced.  Generally,  total  i^iosi^rus  concentrations 
ranged  from  0.01  mg/(  to  0.04  mg^l  and  concentrations  greater  than 
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Figure  10.  Patterns  of  spatial  distribution  of  dissolved  oxygen  concentrations 
(mg/l)  in  the  main  stem  of  Richard  B.  Russell  Lake,  June,  Septem¬ 
ber,  and  October  1988 


0.02  mg/I  were  confined  to  the  bottom  10  m  of  the  downstream  region  of  the 
lake.  Similaily,  total  nitrogen  ranged  fimn  0.40  mg/I  to  0.80  mg/I  and  con- 
centratimis  greater  dian  0.6  mg/I  were  confined  to  bottom  depdis  in  the 


Chapter  4  hesultB  of  Study 


STATION  120 


JFMAMJJASOND 

ItM 


Figure  1 1 .  Temporal  and  vertical  changes  in  dissolved  oxygen  concentrations 
(mg/I)  in  the  lower  region  of  Richard  B.  Russell  Lake,  sta  120 


downstream  region  of  the  lake.  Peak  concentrations  of  total  [4x)sphorus 
(0.118  mg/D  and  total  nitrogen  (1.13  mg/f)  were  observed  in  bottom  waters 
at  sta  1(X)B  during  aimxic  conditirms  in  August  and  September. 

While  seastHud  developmem  of  hypolimnetic  arwxia  was  similar  to  that  of 
the  main  stem  of  die  lake,  the  magnitude  of  anoxic  conditions  in  the  tributary 
embayraents  was  greater  (i.e.  sta  130,  Figure  17).  Additionally,  maximum 
obser^  conoentratitms  of  manganese,  ircm,  carbon,  nitrogen,  and  phosphorus 
occurred  at  embaymoit  stations  (sta  130  and  140;  Table  3). 

Temperature  and  dissolved  oxygen  concentrations  in  release  waters  horn 
Richard  B.  Russell  Dam  (i.e.  sta  OSO,  Figure  18)  di^ayed  seasonal  trends 
reflective  of  dianging  conditions  in  the  Richard  B.  Russell  Lake  forebay. 
Temperatures  gradually  increased  from  sgjpioximately  8  to  10  °C  during  Feb¬ 
ruary  throu^  March  to  15  to  17  °C  during  September  through  November. 
IXssolved  oxygen  concottradons,  near  8  m  11  mg/I  from  January  dirough 
April,  were  maintained  near  6  mg/I  from  May  dirough  mid-November,  due  to 
operation  of  the  oxygenation  system.  Coirundent  with  fall  mixing  in 
Uchatd  B.  Russell  Lake,  dissolved  oxygmi  concentrations  gradually  returned  to 
near  8  to  12  mg/I  during  November  and  Detxmber. 

Moderate  seasonal  traids  in  chemical  parameter  concentrations  were 
observed  in  release  waters  and  were  reflective  of  stratifled  conditions  in  mid¬ 
depth  waters  of  the  Richard  B.  Russell  Lake  forebay  region.  Manganese  and 
iron  concentrations  ranged  from  0.2  to  0.3  and  flom  0.2  to  0.4  mg/I, 
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Figure  12.  Patterns  of  spatial  distribution  of  conductivity  (pS)  in  the  main  stem 
of  Richard  B.  Russell  Lake,  June,  September,  and  October  1988 


respectiyely,  from  June  through  Novonber.  In  general,  dissolved  manganese 
and  paiticidate  iron  comprised  die  majority  of  the  total  manganese  and  iron 
pools,  req)ectively,  in  tte  release  waters. 


Chapter  4  Results  of  Study 


STATION  STATION 


QAON  «•  ‘NOUVAaia 


Figure  14.  Temporal  and  vertical  (Ganges  in  total  iron  concentrations  (mg/f)  in 
the  forebay  and  lower  region  of  Richard  B.  Russell  Lake 
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Figure  15.  Temporal  and  vertical  changes  in  particulate  iron  concentrations 
(mg/I)  in  the  forebay  and  lower  region  of  Richard  B.  Russell  Lake 
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Figure  17.  Temporal  and  vertical  changes  in  dissolved  oxygen  concentrations 
(mg/l)  in  the  Beaverdam  Creek  embayment,  sta  130 


Table  3 

Maxlfnuin  Obaerved  Concentrations  (mg  r')  of  Chemical 
Parameters  In  Richard  B.  Rusaell  Lake,  1988 


Total 

Ofganle 

Total 

Total  Iran 

Caihon 

IWOpBlI 

OwwlM  nMudmum  values  observed  in  1888. 


Total 

Phosphorus 


2.24* 

12.75* 

4.4 

2.13 

2.00 

6.71 

7.3* 

2.81* 

0.88 

1.85 

4.2 

0.86 

1.54 

2.70 

2.3 

0.72 

2.06 

7.16 

5.5 

1.18 

1.56 

4.54 

2.3 

0.87 

0.31 

0.54 

2.0 

0.46 

0.17 

0.56 

1.6 

0.42 

Seasraal  trnids  for  other  parameters  in  release  waters  were  less  iq[^)arent. 
Maximiim  nitron  ctmcentnttions  were  observed  in  the  spring  and  summer 
and  ranged  finnn  0.86  to  0.76  mg/l  (April  and  July,  respectively).  Minimum 
nitrogen  conceiitratimis  occurred  following  the  fall  mixing  and  during  winter 
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Old  rm^  ftom  0.46  to  0.29  mg/(  (October  and  Febniary,  respectively).  Dis- 
stdved  ftmns  of  nitrogen  comprised  the  majority  of  the  total  nitrogen  pool  in 
release  waters  at  all  times.  Curved  values  of  cotvluctivity.  pH,  alkalinity, 
carbon,  and  phoqrhmus  were  similar  to  values  in  the  forebay  and  seasonal 
trends  were  less  immounced. 


J.  Strom  Thurmond  Lake 


Pool  devttitm.  monddy  ptedidtaiion.  mean  daily  inflow,  arrd  mean  daily 
discharge  for  J.  Strmn  Thurmond  Lake  during  1984-1988  are  depicted  in  Fig¬ 
ure  19.  While  pool  elevations  returned  to  near-normal  levels  eariy  in  1988, 
decreased  precipitation  and  inflow  levels  and  operatitmal  requirements  resulted 
in  low  pool  elevations  flora  June  through  December. 

Spatial  patterns  in  ttiermal  structure  were  observed  temporally  altmg  the 
main  stem  of  J.  Strom  Thurm(md  Ldce  (Figure  20).  Thermal  stratification  was 
present  flora  J.  Strom  Thutramd  Dam  to  the  headwater  region  (sta  020  to  050) 
flora  April  through  Sqrtember.  Monthly  temperature  data  flran  sta  020, 
located  in  the  downstream  region  of  J.  Strom  Thurmond  Lake,  depict  the  tem¬ 
poral  pattern  of  thermal  development  in  the  lake  (Figure  21).  Thermal  strati- 
ficatian  began  in  late  April  witti  a  well  estaUished  thermodine  near  6  to  8  m 
observed  by  mid-May.  The  thermodine  remained  near  a  dqrth  of  8  to  10  m 
throughout  the  season.  Temperatures  in  the  epOimnion  were  between  24  and 
30  **C  and  hypolimnetic  temperatures  were  between  14  and  18  X,  during  most 
of  die  period  of  stratificatian.  Seasonal  cooling  in  late  Sqptember  and  early 
October  reduced  surface  water  temperatures  and  gradually  weakened  the  ther¬ 
modine.  Continued  cooling  of  surface  waters  resulted  in  near  isothermal 
conditions  by  mid-October. 

Tenqxnal  and  qiatial  gradienis  in  dissdved  oxygrni  were  apparent  along  the 
main  stem  of  the  lake  during  the  period  of  stratification  (Figure  22).  Dis¬ 
solved  oxygen  concentrations.  \^e  remaining  near  8  to  10  mg^l  in  die  epil- 
imnion  of  the  lake,  gradually  declined  in  the  hypolimnion  in  the  downstream 
region  of  the  lake.  Anoxic  cmiditions  in  the  hypolimnion  of  die  downstream 
r^on  of  the  lake  0-e.  sta  020)  were  estaUished  by  mid-  to  late  August  and 
continued  until  late  October  and  were  present  to  within  10  m  flom  the  surface 
(Hgure  23  tt^).  Qmvetady,  dissolved  oxygoi  concentradons  in  the  mid¬ 
stream  r^on  of  die  lake  did  not  decline  below  4.0  mg/I  (Hgure  23  bottom). 

Increases  in  cmiductivity  were  observed  along  the  main  stem  of  the  lake 
coincidem  with  die  devdopment  of  anoxic  conditions  (Figure  24).  While 
condudivity  levels  were  between  40  and  45  pS  for  most  of  the  year,  levels  in 
die  anoxic  waters  ratted  flom  50  to  60  pS,  due  to  increased  concentrations  of 
dissolved  cmisdtuents. 

Spatial  trends  in  the  ctmcoitratitms  of  chemical  parameters  were  most  pro¬ 
nounced  during  stratification.  As  a  result,  longitudinal  and  vertical  concentra¬ 
tion  gradieitts  were  ipparent  along  the  main  stem  of  the  lake  (Figure  25). 
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Figure  20.  Patterns  of  spat^l  (fistrexition  of  temperatures  (°C)  in  the  main 
stem  of  J.  Strom  Thurmond  Lake,  March,  June,  and  September 
1988 
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Figure  21 .  Temporal  and  vertical  changes  in  temperature  ('<))  in  the  (orebay 
of  J.  ^rom  Thur.nond  Lake,  sta  020 


Varied  ^ntial  distributimis  of  iron  and  manganese  concentrations  were 
observed,  however,  during  anoxia  in  die  downstream  region  of  the  lake 
(Hgure  26). 

Total  iron  crmcemrations  ranged  from  the  detection  limit  (0.05  mg/I)  to 
1.59  mg/i,  and  maximum  iron  conceittratxms  observed  in  die  main  stem 
occurred  at  sta  030.  Concentrations  in  the  downstream  region  of  the  lake  were 
below  0.5  mg/I,  even  during  anoxia.  Particulate  iron  comprised  the  majority 
of  die  total  iron  pool  at  aU  times. 

Conveisdy,  total  manganese  concentrations  in  die  main  stem  ranged  from 
detection  limit  (0.05  mg/^  to  5.10  mg/I  and  maximum  observed  ctmcentra- 
titms  occurred  in  the  downstream  region  of  die  lake,  i.e.  sta  020  (Figure  26). 
However,  pronounced  conoentradtm  gradients  were  omfined  to  depths  greater 
than  30  oil  Additknally,  dissolved  manganese  comprised  the  majority  of  the 
total  manganese  pool  at  aU  times  and  particulate  manganese  concentratkms 
greater  dian  0.1  mg/I  were  not  observ^  during  the  study  period. 

Seasonal  trends  in  the  distribution  of  manganese  were  most  i^iparent  during 
stratificadon.  coincident  widi  anoxia  O^tgute  27).  Concentrations  of  dissolved 
manganese  began  to  increase  in  bottom  waters  in  July,  were  at  peak  ctmcentra- 
dcrns  from  July  dirougfr  early  October,  arid  returned  to  levels  iKar  the  detection 
limit  (0.05  mg/D  following  fall  mixing. 
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Figure  22.  Patterns  of  spatial  cttstribution  of  dissolved  oxygen  concentrations 
(mg/l)  in  the  main  stem  of  J.  Strom  Thurmond  Lake,  June,  Sep¬ 
tember,  and  October  1988 
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Figure  23.  Temporal  and  vertical  changes  in  dissolved  oxygen  concentrations  (mg/f)  in  the 
forebay,  sta  020,  and  midiake  region,  sta  030,  of  J.  Strom  TfHjnnond  Lake 
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Figure  24.  Patterns  of  spatial  distribution  of  specific  conductance  (pS)  in  the  main  stem  of 
J.  Strom  Thurmond  Lake.  September  and  October,  1988 

Crmcemrations  of  total  i^sf^nis  and  nitrogoi  ranged  from  0.005  mg/(  to 
0.034  and  0.1  to  0.7  m^l,  reqwctively,  and  i»onounced  gradients  were 
not  observed  in  die  main  stem  of  the  lake  (see  Figure  25).  Seasonal  variation 
was  most  pronounced  for  nitrogen  concentrations  with  maximum  values 
observed  in  April  and  July,  while  minimum  values  occurred  in  February  and 
October.  Total  organic  carbon  ranged  from  1  to  3  mg/(  and  temporal  and 
spatial  trends  were  not  apparent 

Maximum  observed  concentrations  of  total  iron  (3.1  mg/0,  organic  carbon 
(4.1  mg/O,  nitrogoi  (1.2  mg/I),  and  fdiosidiorus  (0.078  mg/I)  occurred  in 
onbaymoits  (i.e.  sta  029  or  015).  Additionally,  iix;reased  concentrations  of 
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Figure  26.  Spatial  distribution  of  total  iron  and  manganese  concentrations  (mg/I)  in  the  main 
stem  of  J.  Strom  Thurmond  Lake,  October  1988 


manganese  (2.3  mg/I)  and  iron  (2.5  mg/I)  were  observed  at  sta  036  in  the 
Broad  River  embaymem. 

Temperatures  and  dissolved  oxygen  concentrations  in  release  waters  from 
J.  Strom  Thuimond  Dam  (i.e.  sta  010;  Figure  28)  displayed  seasonal  trends 
reflective  of  conditions  in  the  J.  Strom  Thurmond  Lake  forebay.  Temperatures 
gradually  increased  from  9  to  10  *C  (February  through  March)  to  18  to  20  “C 
(August  through  November).  Dissolved  oxygen  concentrations  remained  near 
8  to  1 1  mg/I  from  January  dirough  May,  declined  to  less  dian  3  mg/I  from 
August  throu^  October,  and  gradually  retunred  to  near  7  mg/I  during 


Chapter  4  Resulte  of  Study 


35 


oso 


STATION  020 


JFMAMJJACONO 

1M» 


Figure  27.  Temporal  and  vertic^  changes  in  dissolved  manganese  concentra¬ 
tions  (mg/i)  in  the  forebay  of  J.  Strom  Thurmond  Lake 


October  and  November.  By  Deconber,  coincident  widi  fall  mixing  in  J.  Strom 
Thuimond  Lake,  dissolved  oxygen  levels  were  near  10  mg/I. 

Chemical  concentrations  observed  in  release  waters  were  reflective  of  con¬ 
ditions  in  the  middqrth  waters  of  the  J.  Strom  Thunnond  Lake  forebay.  Maxi¬ 
mum  total  manganese  concentrations  (0.3  mg/D  were  observed  during  October 
and  dissolved  manganese  comprised  the  majority  of  tte  total  manganese  pool 
in  the  rdease  waters.  Maximum  observed  concentrations  of  total  iron  did  not 
exceed  0.2  m^l  during  the  study  period.  Nitrogen  and  i^sphorus  concentra¬ 
tions  were  near  0.4  mg/I  and  0.01  mg/I,  req)ectively.  Values  of  conductivity, 
pH,  alkalinity,  organic  carbon,  and  {rfiosphoras  were  similar  to  values  observed 
in  the  forebay. 


Oxygenation  System  Operation 

Operation  of  the  oxygoiation  system  was  initiated  on  May  11,  1988  widi  a 
delivery  rate  of  IS  terns'  of  oxygen  per  day  through  the  pulse  injection  system 
located  at  the  Richard  B.  Russell  Dw  face.  A  rate  of  15  to  30  tons  of  oxygen 
per  day  was  maintained  through  the  pulse  injection  system  until  August  22,  at 


*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented  on 
pagev. 
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e  28.  Temperatures  and  dissolved  oxygen  concentrations  in  the  J.  Strom  Thurmond  Dam  releases,  sta  010, 1988 


time,  operation  of  the  continuous  injection  system  (located  1  mile 
upstream  of  the  d»n)  was  initiated.  At  this  time,  the  continuous  injection 
system  delivered  oxygen  at  a  rate  of  25  to  30  tons  per  day  while  the  rate  at  the 
piilse  injectitm  system  was  30  to  35  tons  of  oxygen  per  day.  Both  systems 
were  operated  ttuoughout  the  remainder  of  the  stratified  period  (until  mid- 
October)  at  a  comlwied  capacity  near  65  tons  of  oxygen  per  day.  Delivery 
rates  were  decreased  to  between  30  and  50  tons  of  oxygen  per  day  until  e^y 
November  and  the  system  was  uimed  off  on  November  9, 1988. 

Operatitm  of  the  oxygenation  system  maintained  the  concentration  of  dis¬ 
solved  oxygen  near  6  mg/I.  at  most  dq)ths.  in  the  area  affected  by  the  system. 
Dissolved  oxygen  concentrations  below  6  mg/l  were  observed  in  the  Richard 
B.  Russell  forebay  (i.e.  sta  06(ffi)  only  at  depths  below  35  m  with  the  excep- 
ti<m  of  occasional  concentrations  near  4  mg/l  occurring  in  the  metalimnion 
during  Septonber  and  October  (see  Hgure  10).  Additicmally.  concentrations  of 
disstdved  oxygen  in  the  releases  from  Ridiaid  B.  Russell  I^m  were  main¬ 
tained  near  6  mg/l  widi  operation  of  the  oxygenation  system  (Hgure  29). 

The  water  quality  model  SELECT  (Davis  et  aL  1987)  was  employed  to 
predict  outflow  oxygen  concentrations  based  on  lake  data  from  sta  060B  and 
120  in  the  presence  and  absence,  respectively,  of  oxygen  system  operation. 
Hieae  predictions  and  tiie  actual  outflow  ccmcentrations  are  shown  in  Rg- 
ure  30.  Results  from  SELECT  indicate  that  tiie  oxygenation  system  adds 
approximately  2-4  m^l  dissolved  oxygen  to  Richard  B.  Russell  Dam  releases. 


Phytopigment  Distributions 

Seasonal  and  spatial  trends  in  chloroi^iyll  a  concentrations  in  Richard  B. 
Russell  and  J.  Stmn  Thurmond  Lakes  were  different  from  those  observed  in 
previous  years  of  die  study  (Hains  et  aL  1988;  Ashby  et  al.  1990).  Whereas  a 
single  concentration  peak  was  observed  in  each  of  die  previous  years,  usually 
in  late  October,  two  concentration  peaks  were  observed  in  1988  (Figure  31). 

In  January,  oonoeiitrations  were  low  (mostly  <10  pg/D  at  all  locations  but 
minor  spatial  trends  were  apparent  in  each  lake  with  concentrations  generally 
increasing  in  a  downstream  direction.  In  April,  concentratimis  increased  to 
near  20  pg/l  in  bodi  lakes.  Spatiti  trends  were  more  pnmounced  in 
Unirmt^  Lake  during  this  time.  Concentrations  deaeased  to  near  5  pg/l  in 
July  and  were  similar  throughout  both  lakes.  Concentrations  again  increased 
in  October  to  apfxoximately  10  pg/l  in  Richard  B.  Russell  Lake  and  to  near 
20  pg/i  in  die  midstream  region  of  Thurmond  Lake.  Spatial  trends  within 
Thurmond  Lake  were  again  more  pronounced  than  those  in  Richard  B.  Russell 
Lake.  Distribution  patterns  in  October  were  similar  to  those  observed  in  April. 
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Figure  29.  Dissolved  oxygen  concentrations  (broken  line)  In  the  Richard  B.  Russell  Dam 
releases  and  the  or^n  delivery  rate  from  the  oxygenation  system  (solid  line). 
Horizontal  dashed  line  IrKficates  the  6-mg/i  target  dissolved  oxygen  concentration 


Sediment  Trap  Study 


A  qjecial  study  designed  to  describe  the  nature  and  rates  of  sediment 
dqx>sition  in  the  forebay  area  of  Richard  B.  Russell  Lake  and  the  upstream 
re^oas  of  J.  Strom  Thuimond  Lake  was  initiated  during  April  1988.  The 
primaiy  ot^ective  was  to  identify  distribution  patterns  of  sediment  deposition; 
paiticular  emphasis  was  on  patterns  of  particulate  metals  related  to  oxygenation 
of  tile  Richard  B.  Russell  Lake  hypolirmiion. 
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OXYQEN  DISCHARGE  RATE,  TON8/DAY 


SELECT  predictions  of  dissolved  oxygen  concentrations  versus  observed  concentrations  in  the  Richard  B.  Russell  Dam 
releases. 


Figure  31 .  Patterns  of  dislrlbutton  of  chtorophyll  a  concenlralions  ^  HartwefI,  Richard  B.  Russell,  and  J.  Slrom 
January,  April,  July,  and  October  1988 


Ntoliods  ft^Qowed  lecominendatiom  by  Blomqvist  and  HUunscm  (1981) 
and  Bloesch  and  Bums  (1980)  so  that  pn^rly  deigned  sediment  tit^  would 
allow  aocurtfe  esdmatkm  of  sediment  deposition.  Five  locations  (Figures  2 
and  3).  sta  120, 10(B.  060B,  040.  and  038,  were  chosen  to  represent  respective 
r^kms  of  Richard  B.  Russell  and  J.  Strmn  Thuimond  Lakes.  Stations  038  and 
040  located  below  and  above,  respectively,  the  coidluence  of  Broad  River,  GA. 
and  below  Richard  B.  Russell  0am  are  considered  to  be  represoitative  of  the 
J.  Strom  Thunnoiid  Lidte  headwater  area.  Stations  060B  and  1(X)B  are  located 
in  the  Richard  B.  Russell  Lake  forebay  in  the  regicms  of  the  pulse  and  continu¬ 
ous  oxygenation  systems.  Station  120  in  Richard  B.  Russell  Lake  is  consid¬ 
ered  to  be  out  of  the  influence  of  hypolimnetic  oxygenation  and,  therefore, 
provides  a  comrol  for  comparison  among  statitms.  Assemblies  of  six  tn^)s 
were  sujqxiided  using  an  anchor  and  a  submerged  buoy.  Approximately 
monttily  deployments  were  employed  to  allow  a  comi^te  record  of  temporal 
and  qpatial  sedhnem  depomtion  patterns.  Triplicate  tubes  from  each  assemUy 
and  ttiree  nqilicates  of  (me  were  analyzed  for  metals  (iron  and  mangairese), 
total  nutrients  (carbon,  nitrogen,  and  phosi^rus),  dry  mass,  and  ashed  residue. 

Maotimum  deporition  rates  for  total  dry  mass  in  1988  were  observed  {xi- 
marily  during  summer  months  wittt  a  sec^  peak  occurring  in  winter,  and 
depomtion  rates  in  J.  Strom  Ttaurmcmd  Lala  markedly  exceeded  rates  observed 
in  Richard  B.  Russell  Lake  (Figure  32).  Total  dry  mass  exceeded  200  g/isq  m 
per  day  in  the  iq«ream  iegi(ms  of  J.  Strom  Thurmond  Lake  during  August 
and  Sqxember  and  were  near  200  g/bq  m  per  day  in  December.  Ncmvolatile 
ash  leridue  ^gure  33)  did  nm  reflect  a  bimodal  distribution  and  pronounced 
rates  of  dqxrsititm  of  the  incMganic  a^  residue  occurred  in  the  upstream  region 
of  J.  Sttom  Thurmond  Lake  only  during  the  winter.  At  that  time  J.  Strom 
Thurmond  Ltke  was  3  m  below  maximum  conservation  potri  elevation  and 
taanerous  dqporits  of  tfld  sediments  immediately  downstream  from  Richard  B. 
RusadD  Dam  were  exposed  or  near  the  lake  surface,  potentiany  providing  a 
source  of  inorganic  material.  Depositkm  of  volatile  or  organic  mass,  die  dif¬ 
ference  between  total  dry  mass  notrvolatile  arii  residue,  was  similar  to  total 
dry  mass  rates  and  suggests  die  majority  of  depomted  material  is  organic.  The 
source  of  dus  oiganic  material  has  not  yet  been  determined. 

Assessments  of  inorganic  maierials  being  dqiosited  were  focused  on  inm 
and  manganese  to  delineate  efiects  of  oxygenation  system  opeiaticm  on  deposi¬ 
tion  paitenis.  Inm  deposition  (Figure  34)  initially  increased  in  J.  Strom  Thur¬ 
mond  Lake  tecdving  waters  during  July  and  peaked  during  August  (greater 
than  15  g  Fe/bq  m  per  day)  while  the  pulse  oxygenaticm  system  was  in  opera- 
tioTL  A  dramatic  decrease  in  inm  deposititm  in  J.  Strom  Thurmond  Lake  was 
(foserved  in  September  foUowii^  the  addition  of  tire  continuous  oxygenatkm 
system  in  Ridi^  B.  Rinaell  Lake  (Hgure  35).  Furthermore,  increased  inm 
deposition  rates  at  sta  060B  in  Richard  B.  Russell  Lake  were  cfoserved  after 
oixditicn  of  ttte  oontiiiuoiu  oxygenaticm  system  began.  The  coincidemal 
dedine  of  depositkm  in  J.  ^nm  Thuimcmd  Lake  in  September  may  be  due  to 
trapping  of  particulate  inm  in  Richard  B.  Russell  Lake  in  response  to  operation 
of  Ae  comiinious  oxygenaticm  syston  and  increased  hydraulic  residence  in 
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Figure  32.  Patterns  of  dry  weight  deposition  rates  in  Richard  B.  Russell  and 
J.  Strom  Thurmond  Lakes.  May  1988  through  January  1989 


Richard  B.  Russdl  Lake  from  sta  lOOB  to  the  dam.  However,  maximum  iron 
deposition  rates  in  Richard  B.  Russell  Lake  were  less  than  50%  of  the  J.  Stitnn 
Ttuiimmid  Ldoe  maximum  rate. 

Deposition  of  manganese  (Figure  36).  like  irm,  was  greater  downstream  of 
Ridiard  B.  Russell  Dam;  however,  temporal  dqx>siii(m  occurred  later  at 
sta  040  and  038  dum  diat  of  ircm.  Mm^um  rates  of  manganese  dqxrsition 
(nearly  3  g  Mit/sq  m  per  day)  were  observed  at  sta  040  in  September.  Again 
this  fioUowed  initiatimi  of  operatimi  of  the  continuous  oxygenation  system 
(Hgure  37).  And  again,  the  decline  of  manganese  deposition  in  J.  Strom  Thur¬ 
mond  Lake  acconqranied  increases  in  Richard  B.  Russell  Lake  in  October 
(sta  060B)  and  December  (sta  1(X)B  and  120).  In  Richard  B.  Russell  Lake, 
increased  deposition  of  manganese  at  sta  lOOB  and  120  is  probably  in  response 
to  winter  mixing  upstream.  This  could  allow  sufficient  residence  time  for 
manganese  oxidation  and  subsequent  deposition  as  particulates. 

Deposition  rates  of  phosftonis  were  similar  to  those  dbscrycd  for  total  dry 
mass  and  were  representative  of  deposition  rates  of  nitrogen  and  organic  mass. 
Patterns  of  dqposititm  rates  typified  temporal  and  spatial  observations  previ¬ 
ously  describ^  for  total  dry  mass. 
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Figure  33.  Patterns  of  ash  vveigM  deposttion  rates  In  Richard  B.  Russell  and 
J.  Strom  Thurmond  U^es,  May  1988  through  January  1989 


Pstteixis  of  dqxMitkm  downstream  fnnn  Richard  B.  Russell  Lake  are 
comidex.  Dry  mass  depositicm  showed  a  dear  bimodal  distribution  at  sta  040. 
The  first  pedc  oocuired  eariy  in  die  study  during  times  of  greater  fiow  and 
influence  by  Broad  River,  GA.  This  inflow  did  influence  the  areas  near  sta 
040  during  tunes  of  nongeneration  md  fire  dedine  of  the  first  peak  accompa¬ 
nied  the  onset  of  a  low  lainM  period,  reduced  inflows,  and  s^iment  loads. 
Lake  devations  in  J.  Strom  Thunnoad  Lake  dedined  d'uring  this  time  also, 
although  Ridiard  B.  Russdl  Dam  ctmtinued  sdieduled  releases.  Cmnparistm 
of  distributitm  of  dry  mass  dqxrsition  with  ash  tesithie  dqxrsition  shows  that 
dry  mass  of  the  sec^  peak  in  deposition  was  of  differrat  composition  than 
conqrodtion  of  dry  mass  of  the  firri  peak.  At  die  time  of  the  later  peak  of  dry 
mass  dqtositioii,  dqrosition  of  metals  in  J.  Stnmi  Thurmond  Lake  were 
deoeased,  niggesting  that  inorganic  matmials  other  than  mdals  were  (uobaUy 
respmisiUe  for  die  later  peak.  One  possilrility  is  that  minimal  lake  levels 
which  mqxised  old  sedirnent  deposits  to  outflows  frmn  Richard  B.  Russell 
Dam  omtrihuted  to  the  tedeposition  of  these  sediments  downsneam  in  the 
sediment  trqis.  Such  a  response  is  feaside  and  woidd  explain  die  inorganic 
nature  of  deposited  materials  and  die  relative  lower  metals  contont. 

The  study  has  thus  far  shown  that  particulate  metals  are  being  deposited  in 
Richard  B.  Russell  and  J.  Strom  Thurmond  Lakes  in  response  to  lake 
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Figure  34.  Patterns  of  iron  deposition  rates  m  Richard  B.  Russell  and  J.  Strom 
Thurmond  Lakes.  May  1988  throuc^  January  1989 


oxygenation  md  that  operadcm  of  different  oxygenation  systems  can  influence 
the  pettems  of  depositioiL  Materials  dqx>siti(m  in  J.  Stnan  Thurmond  Lake  is 
greater  than  fliat  for  the  downstream  regkm  of  Richard  B.  Russdl  Lake.  Fur- 
thennore,  deposition  of  materials  in  J.  Strom  Thunmmd  Lake  is  influenced  by 
botti  tributaiy  inflows  (Broad  River,  GA)  and  lake  surface  elevations  as  well  as 
the  oxygenation  systons  in  Ridiaid  B.  Russell  Lake. 
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Panems  of  Iron  deposition  rates  in  RichattI  B.  Russell  and  J.  Strom  Thurmond  Lakes,  May  1988  through  January  1989 


5  Discussion 


Water  Quality  Conditions  During  1988 

Temporal  and  spatial  trends  in  thermal  stracture  observed  in  1988  in 
Hartwell,  Richard  B.  Russell,  and  J.  Strom  Thurmond  Lakes  were  similar  to 
those  observed  in  previous  studies  (Ashby  et  al.  1990;  Hains  et  al.  1988;  James 
et  al.  1986,  1985).  The  onset  of  stratification  occurred  in  March  or  April  in 
each  lake,  and  a  well-developed  thermocline  was  established  by  May.  Thermal 
stratification  intoisified  during  the  summer  due  to  increased  warming  of  sur¬ 
face  waters.  As  daily  air  temperatures  began  to  decrease  in  late  Septmber, 
surface  water  temperatures  decreased  and  vmiical  gradients  in  water  density 
diminished.  Consequently,  seasonal  mixing  or  destratification  occurred  during 
October  aid  November  and  isothermal  conditions  existed  throu^out  the  winter 
period. 

As  the  hypolimnia  of  eadi  lake  became  isolated  during  thermal  stratifica¬ 
tion,  oxygen  depletion  occurred  in  bottom  waters.  Oxygen  dqiletion  and 
development  of  anoxic  conditicms  were  more  pronounced  in  areas  widi  limited 
aeration  and  increased  levels  of  organic  matter.  These  areas  were  typically 
located  in  the  deep,  forebay  regions  of  the  main  stems  and  tributary  embay- 
ments  of  die  lakes.  In  contrast,  bottom  warers  in  the  mid-  and  iqistream 
regions  in  the  main  stems  of  Ridiard  B.  Russell  and  J.  Strom  Thurmond  Lakes 
remained  well-oxygenated  during  thermal  stratification.  In  Richard  B.  Russell 
Lake  this  may  be  attributed  to  well-oxygenated  ideases  from  Hartwell  Lake 
for  most  of  the  stratified  period  and  natural  aeration  in  the  Richard  B.  Russell 
Lake  headwater  region.  Release  of  oxygenated  water  from  Richard  B.  Russdl 
Dam  (xmtributed  to  well-oxygenated  waters  in  the  mid-  and  upstream  regions 
of  J.  Strom  Thurmond  Lake.  Increased  dissolved  oxygen  concentrations, 
observed  after  destratification  in  bottom  waters  not  i^uenced  by  the  oxygena¬ 
tion  system,  can  be  attributed  to  wind-induced  mixing  and  natural  aeration. 

Among-lake  variations  in  die  developmoit  of  anoxic  conditions  and  ret^ra- 
tion  associated  with  seasonal  mixing  were  roost  pronounced  in  bottom  waters 
of  each  lake.  While  the  tributary  embayments  of  both  J.  Strom  Thurmond  and 
Richard  B.  Russell  Lakes  developed  anoxic  conditions  near  early  June,  anoxic 
conditions  in  the  downstream  repons  in  eadi  lake  and  in  Hartwell  Lake  devel¬ 
oped  at  different  times  during  the  stratified  period.  Anoxic  conditirms 
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developed  in  the  downstream  region  of  Richard  B.  Russell  Lake  (i.e.  sta  120) 
by  June  but  were  not  well  established  in  the  forebay  region  of  J.  Strom 
liiunnond  Lake  until  late  August;  anoxic  conditions  were  not  present  in 
Hartwell  Lake  until  mid-October.  Additionally,  oxygen  concentrations  associ¬ 
ated  with  seasonal  mixing  varied  in  Hartwell  Lake  as  well.  Dissolved  oxygen 
concottratiotts  in  Richard  B.  Russell  and  J.  Strom  Thurmond  Lakes  increased 
to  near  8  mg/l  in  late  October,  however,  concentration  increases  were  not 
apparent  in  bottom  waters  in  Hartwell  Lake  until  late  November  and  Decem¬ 
ber.  Among-lake  variations  may  be  the  result  of  differences  in  oxygen 
regimes  (processes  of  utilization  and  production  of  dissolved  oxygen)  in  each 
lake  and  a  temporal  function  of  seasonal  mixing. 

Varied  thermal  structure  and  resultant  dissolved  oxygen  regime  in  the 
downstream  region  of  the  lakes  may  be  attributed  to  morphometric,  inflow,  or 
operational  characteristics.  A  more  pronounced  thermal  structure  in  Hartwell 
Lake  (i.e.  deqxr  theimocline  depth  and  cooler  mean  hypolimiKtic  temperature) 
contributes  to  i^rproximately  one  to  two  months  lag  in  development  of 
hypolimnetic  anoxia  and  fall  mixing  in  the  Hartwell  Lake  forebay  (Ashby  et 
aL  1990).  In  Richard  B.  Russell  and  J.  Strom  Thurmond  Lakes,  temperature 
and  dissolved  oxygen  regimes  in  the  main  stem  are  influenced  by  inflows  from 
upstream  hydropower  projects  (Hartwell  and  Richard  B.  Russell  Lakes,  re^c- 
tively).  T)^cally,  these  inflows  are  cool  and  well-oxygenated  and  effectively 
maintain  favorable  conditions  in  tlK  upstream  region  of  the  main  stems.  The 
proximity  of  major  secondary  tributaries  to  the  mid-  and  downstream  regions 
of  Richaid  B.  Russell  and  J.  Strom  Thurmond  Lakes  may  contribute  to  devel¬ 
opment  of  anoxia  in  downstream  region  hypolimnia  via  increased  material 
loads. 

Temporal  changes  in  water  quality  were  more  prormunced  in  major  embay- 
ments  dun  at  main  ston  locations  due  presumably  to  motjdiology  and  loadirrg. 
Higher  concentratitms  of  organic  carbon  and  reduced  metals  in  the  embay- 
ments  may  contribute  to  increased  oxygen  depletion  and  intensify  anoxic  pro¬ 
cesses,  as  suggested  by  hi^r  oxygm  depletion  rates  at  nnbayment  stations 
than  at  main  stem  locations.  Morptometric  characteristics  and  increased 
hydraulic  retention  times  at  onbayment  stations  may  result  in  higher  material 
load  per  unit  volume.  Detailed  loading  data  are  not  available  for  robust  com¬ 
parison,  however. 

Operation  of  the  oxygenation  system  in  the  hypolimniem  of  the  downstream 
region  of  Richard  B.  Russell  Lake  markedly  influences  water  quality  in  the 
vicinity  of  the  system,  in  release  waters,  ar^  in  J.  Strom  Thurmond  Lake. 
Operation  of  the  oxygraation  syston  maintained  concentrations  of  dissolved 
oxygen  near  6  mg/l  in  the  forebay  and  releases  from  Richard  B.  Russell  Dam 
during  stratification.  Without  operation  of  the  oxygenation  system,  outflow 
concentrations  (based  on  predictions  from  SELECT)  would  have  been  tqrproxi- 
mately  2  mg/l  lower,  potentially  impacting  downstream  water  quality  and 
biotic  communities. 
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Additional  effects  of  the  oxygenation  system  include  effects  on  the 
dynamics  of  iron  and  manganese  in  the  area  influenced  by  die  system.  Distri¬ 
bution  patterns  of  dissolved  and  paniculate  iron  and  manganese  concentrations 
observed  during  1988  were  similar  to  those  of  previous  years  (Ashby  et  al. 
1990,  Hains  et  al.  1988,  James  et  al.  1986).  Oxidation  and  resultant  precipita¬ 
tion  of  reduced  iron  is  enhanced  in  the  presence  of  the  oxygenation  system,  as 
indicated  by  increased  concentrations  of  particulate  iron  in  the  area  affected  by 
the  system.  Concentrations  of  particulate  manganese  were  mostly  near  detec¬ 
tion  limits  downstream  of  the  system,  indicating  that  the  effects  of  the  oxygen¬ 
ation  system  on  the  oxidation  of  reduced  manganese  are  minimal. 

Oxygen  depletion  in  sediments  and  overlying  water  results  in  solulnlization 
and  increased  moiety  of  metals  and  the  establishment  of  concentration  gradi¬ 
ents  via  advection  and  diffusion.  Vertical  gradients  in  manganese  and  iron 
ctHicentiations  established  as  anoxic  conditions  developed  in  the  hypolimnia  of 
tributary  embayments  and  in  bottom  waters  in  die  downstream  regions  of  die 
lakes.  However,  concentrations  of  manganese  and  iron  were  near  the  detection 
limit  except  during  theimal  stratificadon  and  periods  of  high  flow.  Manganese 
was  (diserved  in  measurable  quandties  primarily  in  dissolved  or  reduced  foims 
coincident  with  anoxia  in  each  lake.  Conversely,  inm  was  primarily  in  particu¬ 
late  or  oxidized  forms  except  in  anoxic  regions. 

Amorig-lake  variations  in  martganese  and  iron  concentrations  were  discern¬ 
ible  in  the  downstream  regions  of  the  main  stons.  Dissolved  manganese  con¬ 
centration  maxima  were  hi^r  in  the  J.  Strom  Thurmtmd  Lake  main  stem 
(>  5  mg/0  than  in  the  main  stems  of  Richard  B.  Russell  and  Hartwell  Lakes 
(<  2  mg^t  in  each  lake).  Conversely,  hi^st  iron  concentrations  were 
observed  in  the  downstream  region  of  Richard  B.  Russell  Lake  (>  6  mg/(), 
while  main  stem  concottration  maxima  in  Hartwell  and  J.  Strom  Thurmond 
Lakes  were  less  than  2  mg/(  in  each  lake.  Mechanisms  for  these  distribution 
variations  were  not  delineated,  but  may  partially  be  the  result  of  varied  inten¬ 
sity  of  anoxic  processes  in  each  lake  temporal  variability  not  adequately 
described  with  current  sampling  intervals.  Maintenance  of  well-oxygenated 
hypolimnetic  waters  in  the  Richard  B.  Russell  Lake  forebay  inhibits  reduction 
a^  sdubilization  of  manganese  from  the  sediments  and  could  account  for 
observations  of  lower  concentrations.  Similarly,  Hartwell  Lake  exhibits  anoxia 
in  the  forebay  very  briefly  and  late  in  the  stratiffed  period,  resulting  in  a  short 
period  conducive  to  reduction  and  solubilization  of  manganese  from  the  sedi¬ 
ment.  Water  quality  sampling  not  coincident  with  this  period  would  not 
reflect  increased  concentraticms.  Iron,  however,  requires  a  lower  oxidation- 
reduction  potential  for  reduction  and  solubilization  but  is  more  readily  oxidized 
than  manganese.  Influmces  of  the  oxygenation  system  on  the  oxidation  of 
iron  may  account  for  observations  of  concentration  maxima  in  Richard  B. 
Russell  Lake. 

Seasonal  reduction,  solubilization,  and  transport  of  iron  and  manganese 
coupled  with  otddation,  deposition,  and  redistribution  result  in  complex  inter¬ 
actions  in  iron  and  manganese  cycling  in  the  three-lake  system.  These  interac¬ 
tions  may  be  attributed  to  inflow  mixing  patterns,  operation  of  the  oxygenation 
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system  in  Richard  B.  Russell  Lake,  and  fluctuations  in  lake  elevation  at 
J.  Stmn  Thurmond  Lake.  For  instance,  inflow  mixing  patterns  contribute  to 
depositum  patterns  of  influent  material  (Hflkanson  and  Jansstm  1983)  and  are 
most  impoitant  during  high  inflow  events  (Kennedy  et  al.  1980).  Additionally, 
increased  concentrations  of  dissolved  materials  may  be  present  in  tributary 
emba^ents  and  hypolimnia  during  anoxia,  thereby  increasing  availability  for 
advective  transit  As  a  consequence,  deposition  patterns  are  further  effected 
via  oxidation  of  reduced  materials  and  formation  of  particulates. 

Sedimem  trq>  data  indicate  materials  deposition  in  the  downstream  region 
of  Ridiard  B.  Russell  Lake  and  headwater  region  of  J.  Strom  Thurmond  Lake 
and  may  be  attributed  to  operation  of  the  oxygenation  system,  hydrologic  and 
hydraulic  influences,  and  seasonal  variations  in  water  quality.  Increased  iron 
deposition  in  Ridiard  B.  Russell  Lake  in  conjunction  widi  operation  of  the 
ctmtinuous  oxygen  injection  system  md  increased  iron  dqxisition  in  J.  Strom 
Thurmond  Lalm  with  operation  of  the  pulse  injection  system  delineate  opera- 
titxial  effects  of  hypolimnetic  oxygenation  on  iron  dep^tion.  aearly.  npd 
oxidation  and  resultant  predpitation  of  reduced  iron  in  the  area  affected  die 
oxygenation  systems  re^t  in  observed  dqxisition  patterns.  Maximum  deposi* 
titm  rates  at  sta  040  indicate  that  hydraulic  interactions  in  the  headwater  region 
of  J.  Stmn  Thurmond  Lake  dominate  distribution  of  materials.  Energy 
regimes  near  sta  040  are  greatly  reduced  fn»n  upstream,  headwater  regions  and 
could  account  for  observed  increased  dqxisition  rates.  Furthermore,  fluctuat¬ 
ing  lake  elevation  at  J.  Strom  Thurmtmd  Lake  may  influence  dqiosition  pat¬ 
terns  as  well.  Lake  elevations  below  normal,  experienced  during  periods  of 
low  inflow,  eiqiose  sediments  to  hydrologic  transport  mechanisms,  sudi  as 
windAvave  erosian  processes,  that  may  not  be  as  pronounced  at  times  of  higher 
lake  elevations.  Qmsequendy,  sediments  not  stithy  subjected  to  transport  at 
maximum  conservation  elevation  may  be  redistributed  during  periods  of  lower 
elevatkms  (i.e.  increased  transport  due  to  scour  effects).  Lastly,  seasonal  varia- 
titm  in  composition  of  sediment  tng)  material  suggests  qualitative  and 
quantitative  reqxmses  of  materials  dqrosition  to  hydrologic  and  hydraulic 
characteristics.  Changes  in  sedimou  composition  would  be  profoundly  influ¬ 
enced  by  concentrations  of  water  quality  constituents  which  vary  seasonally, 
sudi  as  iron  and  manganese.  Increased  materials  transport  during  periods  of 
elevated  flow  would  result  in  seasonal  variability  of  matmials  dqrosition  as 
weU. 

Althou^i  nutrient  cycling  is  enhanced  during  anoxia  (Mortimer  1941, 

1942),  seastmal  concentration  gradients  of  nitrogen  and  phosphorus  were  not  as 
prcmounced  as  concentration  gradiettts  of  iron  and  manganese.  Total  nitrogen 
concoitrations  remained  relativdy  constant  (0.5  to  1.0  mg/D;  however,  con- 
centratimis  of  dissolved  forms  varied  seasonally.  Maximum  nitrogen  ctmcen- 
tratitms,  observed  in  spring  following  the  high  flow  period  and  in  summer 
prior  to  peak  [diytoplankton  productivity,  were  primarily  dissolved  forms  and 
readily  available  for  uptake  by  fhytoplankton.  Increased  phytoplankton  pro¬ 
ductivity  (as  suggested  by  increases  in  chloroihyll  a  concentrations)  may  have 
contributed  to  midsummer  decreases  of  dissolved  nitrogen  concentrations  in  the 
surface  waters.  Oxidized  forms  of  nitrogen,  primarily  nitrate,  were 
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pfedominam  in  bottom  waters  prior  to  the  onset  of  anoxic  conditions.  As  the 
hypolimnia  of  Hartwell  and  J.  Strom  Thurmond  Lakes  became  anoxic,  nitrate 
concentrations  decreased  to  near  detection  limit,  primarily  due  to  denitrification 
by  faculative  anaerobic  microbes.  Coincident  with  decreased  b«ierial  nitrific- 
atitm  in  the  anoxic  hyptdimnia.  concentrations  of  ammonia  increased.  Con¬ 
versely,  oxidized  forms  of  nitrogen  comprised  the  majority  of  die  total  nitrogen 
in  the  bottom  waters  of  Richard  B.  Russell  Lake,  downstream  of  the  oxygena¬ 
tion  system,  at  all  times.  Oxidized  forms  of  nitrogen,  predominant  in  the  area 
influenced  by  oxygenation,  may  be  the  result  of  maintenance  of  well- 
oxygenated  conditions,  which  favors  Ixoctremical  reactions  resulting  in  oxi¬ 
dized  forms  of  nitrogen  as  end  products.  Following  fall  mixing  oxidized  forms 
of  dissolved  nitrogen  again  comprised  the  majority  of  the  total  nitrogen  pool. 

Unlike  nitrogen,  fdiosphonis  concoitrations  did  not  increase  appreciably 
during  anoxia  or  hi£^  flow  periods  and,  consequently,  pronounced  gradients 
were  not  observed.  In  fact,  total  phosphorus  concentrations,  mostly  near  0.01 
and  0.02  mg-P/<,  reflect  values  typical  of  oligotrophic  to  meso-eutrophic  aqua¬ 
tic  systems  (VoUenweider  1968),  suggesting  potential  limits  on  idrytoi^ankton 
piDductiviQr  in  flie  three-lake  system.  However,  detailed  analyses  of  nutrient 
limitation  and  i^ytcqrlankton  {^uctivity  have  rmt  been  conducted  and  strin¬ 
gent  condusimis  are  im^rpirqmate. 

Although  chiotoiAyll  a  concentrations  were  mostly  lower  than  20  ug/f  in 
eadi  lake,  concentration  peaks  observed  in  April  and  October  suggest  develop- 
mem  of  seastmal  patterns  previously  not  obsc^ed  (Ashby  et  al.  1990,  Hains  et 
aL  1988,  James  et  al.  1986).  Seast^  succession  of  phytO{dankton  species 
may  result  in  temporal  peaks  in  chlorofAyll  a  concentrations  (Wetzel  1983); 
however,  delineatitm  of  smirces  for  ob^rved  peaks  is  not  possible  without 
phytt^lankton  species  identificati(XL 


Long-Term  Trends  in  Water  Quality 

Tmr^ratures  observed  in  the  forebay  (sta  020)  and  midstream  regirni 
(sta  030)  of  J.  Strom  Thurmond  Lake  during  the  5-year  study  are  depicted  in 
Figure  38.  Statistical  comparison  of  mean  hypolimnetic  temperatures,  calcu¬ 
lated  for  the  stratification  period  (May  throu^  October)  for  each  year  at 
depths  greater  than  12  m  at  sta  20,  itidictoes  cooler  hypolimnetic  tonperatures 
(q)I»Dximately  1  to  2  "Q  since  1984  (TaUe  4).  Additionally,  thermal  strati¬ 
fication  tqipears  to  be  more  defined  (i.e.  sharper  thermal  gradients)  and  may  be 
the  result  of  decreased  hypolimnetic  temperatures.  For  example,  in  1984  at 
sta  020  temperature  dififerences  in  the  thermocline  region  were  approximately 

4  while  differeixxs  of  6  to  8  were  observed  in  1986  and  1^8  (Fig¬ 
ure  38)  even  though  similar  surface  temperatures  were  observed  in  each  of  the 

5  years. 

Changes  in  dissolved  oxygen  regimes  at  Richard  B.  Russell  and  J.  Strom 
Thurmond  Lakes  are  tqjparem  for  recent  years.  While  comparisons  between 
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Figure  38.  Temporal  and  vertical  patterns  in  temperature  (X)  for  sta  020  and  030,  J.  Strom 
Thurmond  Lake,  1984, 1986,  and  1988 
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lakes  are  difficult  due  to  operation  of  the  oxygenation  system  in  Richard  B. 
Russell,  annual  ctnnparisons  within  each  lake  can  be  made.  Most  obvious  in 
diis  comparison  is  a  decrease  in  the  extent  of  the  anoxic  zone  in  Ae  forebay 
and  downstream  region  of  Richard  B.  Russell  Lake  since  1984  (Figure  39). 
Qeaily,  (^leratitHi  of  die  oxygenadcm  system  in  die  Richard  B.  Russell  Lake 
foidiay  has  resulted  in  the  pronounced  decrease  of  the  anoxic  regitm  in  the 
fbrebay  region.  However,  decreased  oxy^  ctmsumption  of  inundated  materi¬ 
als  is  evidenced  by  marked  decreases  in  anoxic  regions  in  upstream  regions 
udiich  are  not  influenced  by  the  oxygenation  system  (i.e.  sta  120).  Additimi- 
ally,  prior  to  1987,  anoxic  conditions  had  beoi  observed  as  far  upstream  as  sta 
160  (Hains  ct  al.  1988,  James  et  al.  1986, 1985).  Ctonversely,  dissolved  oxy¬ 
gen  omditions  in  the  tributary  embayments  of  Ridiard  B.  RusseU  have 
remained  similar  during  the  post-impoundmem  period  (Figure  40).  However,  a 
sli^  decrease  in  die  exrent  of  the  anoxic  zrnie  since  1985  indicates  gradual, 
continued  improvement  in  the  oxygoi  regime  in  the  tributary  embayments. 

This  dower  rate  of  im{novanem  may  be  attributed  to  decreased  flushing  and 
hi^r  organic  loads  in  the  tributary  embayments. 

EMssolved  oxygen  conditions  in  the  main  stem  of  J.  Strom  Thurmond  Lake 
have  dianged  ftom  1984  to  1988  (Figure  41).  The  extent  of  the  anoxic  zone 
in  the  hypolimnion  of  the  foiebay  repon  (sta  (^)  has  increased.  A  number  of 
factors  may  ctmtribute  to  increases  in  die  extern  of  the  anoxic  region,  such  as 
increased  diermal  structure,  changes  in  oxygen-consuming  materials  loads,  and 
effects  of  sustained  decreased  inflows  during  drought  conditions.  Limited 
loading  data  and  extremes  in  hydrologic  conditions  prevent  clear  delineation  of 
ctmtributing  factors,  however.  Conversely,  udiile  anoxic  conditions  were 
observed  in  the  hypolimnion  at  sta  030  in  1984,  dissolved  oxygen  levels  have 
remained  above  2  mg^C  since.  Time-of-travel  studies  indicate  diat  well- 
oxygenated  rdease  water  from  Richard  B.  Russell  Dam  markedly  influences 
water  quality  in  the  mid-  and  upstream  region  of  J.  Strom  Thurmond  Lake 
(Ashby  et  al.  1990).  Consequently,  decreases  in  the  extent  of  anoxic  regions 
in  the  midstream  regitm  may  be  related  to  operation  of  the  oxygenation  system 
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Figure  39.  Temporal  and  vertical  patterns  in  dissolved  oxygen  (mg/f)  for  sta  060B  and  120, 
Richard  B.  Russell  Lake,  1984, 1986,  and  1988 
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STATION  030 


Figure  41 .  Temporal  and  vertical  patterns  in  dissolved  oxygen  (mg/f)  for  sta  020  and  030, 
J.  Strom  Thurmond  Lake,  1984, 1986,  and  1988 
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in  Richaid  B.  Russell  Lalce.  Minimal  annual  variation  in  dissolved  oxygen 
gradients  in  die  Haitwell  Lake  forebay  (Figure  42)  suggests  downstream  varia¬ 
tions  are  primarily  influenced  by  sources  other  than  releases  from  Haitwell 
Lake. 

The  omnputer  luogram  PROFILE  was  used  to  calculate  vdumetric  deple¬ 
tion  rates  at  selected  stations  in  Richard  B.  Russell  and  J.  Strom  Thuimond 
Lakes  for  1984-1988  as  another  means  to  assess  oxygen  regimes  in  the  lakes 
(TaUe  5).  Since  selection  of  dates  and  depths  necessary  for  calculations  is 
subjective,  rigorous  annual  comparistms  of  rates  are  inappropriate.  Addi¬ 
tionally,  volumetric  dqdetitni  rates  in  the  hypolimnion  were  greater,  in  general, 
dian  those  for  the  metalimnion,  and  provid^  a  more  accurate  estimate  of 
oxygen  defdedon.  Hoice,  a  range  of  values  was  calculated  for  most  of  the 
stations  and  a  rate  based  tm  a  linear  regression  of  approimate  dates  (those 
indicating  oxygen  dqtledtm  and  prior  to  anoxia)  is  repotted.  De^detion  rates  in 
the  main  stem  of  each  lake  displayed  annual  variability  but  were  reUuively 
lower  than  rates  in  die  tributary  embayments,  suggesting  differmces  in  oxygen 
regimes  in  each  lake  are  primarily  betweot  the  main  stems  and  embayments. 
Ex|danati(ms  of  different  oxygen  depletion  rates  in  die  main  stems  and  tributar¬ 
ies  may  be  related  to  basin  morphometry,  area  of  eiqiosed  sediment,  amoum  of 
immdi^  biodegradaUe  materiaL  and  composition  of  influem  material. 

Water  quality  conditions  in  releases  from  Hartwell,  Richard  B.  Russell,  and 
J.  Strmn  Thurmond  Dams  for  the  S-year  period  reflect  condititms  in  eadi  lake 
and  [Movkle  an  additional  viewpoint  in  evaluating  long-term  trends  in  water 
quality  in  the  three-lake  system.  Aldwugh,  limited  data  for  1984, 1985,  and 
1988  restrict  detailed  annual  conqiatisons  id  this  time,  seasonal  trends  in 
release  water  amoentrations  of  dissolved  oxygen  were  most  obvious. 

Temporal  trends  in  dissolved  oxygen  concentrations  in  the  outflows  of  eadi 
lake  reflect  amcmg-lake  variation  in  discharge  water  quality  (Figure  43).  Con¬ 
centrations  of  dissolved  oxygen  in  the  releases  frran  Richi^  B.  Russell  Dam 
during  thermal  stratification  each  year  ronained  near  6.0  mg/1  Those  for  the 
releases  fnnn  Hartwell  and  J.  Strcm  Thuimond  Dams  were  consistently  lower. 
Higher  dissolved  oxygen  concentrations  in  the  releases  from  Richard  B. 

Russell  Dam  can  be  attributed  to  (^ration  of  tiie  oxygenation  system  in 
Ridiard  B.  Russell  Lake.  Gonsequ^y,  continued  operation  of  the  oxygena- 
ti(xi  system  will  result  in  oontinu^  release  of  well-oxygenated  water  from 
Richairi  B.  Russell  Dam. 

Ctmcentrations  of  manganese  and  iron  in  the  releases  from  Hartwell, 
Richard  B.  Russdl,  and  J.  Strom  Thuimond  Dams  for  the  S-year  study  period 
are  depicted  in  Figures  44  and  45,  respectively.  Maximum  observed  concen- 
tratitms  of  dissolved  manganese  in  the  releases  from  Richard  B.  Russell  Dam 
remaiiied  near  0.4  mg/I  during  the  first  3  years  but  were  somewhat  lower  in 
1987  and  1988  (0.2  to  0.3  mg/D.  Additionally,  concentratimis  of  dissolved 
manganese  in  the  releases  from  Hartwell  Dam  were  lower  in  1988  than  con¬ 
centrations  observed  in  1986  and  1987,  and  a  similar  pattern  was  observed 
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Figure  42.  Temporal  and  vertical  patterns  in  dissolved  oxygen  (mg/i)  for 
sta  210,  Hartwell  Lake,  1986  and  1988 
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Tables 

Volumetric  Depletion  Rates  (mg  T  day'^)  Richard  B.  Russell  and 

J.  Strom  Thurmond  Lakes  BMSd  on  PRORLE  Calculations 

1  Station 

1M4 

1085 

1006 

1007 

1008 

020 

0.058 

0.058 

0.053 

0.062 

0.063 

030 

0.030 

0.031 

0.025 

0.037 

0  062 

120 

0.033 

0.051 

0.060 

0.064 

0.063 

130 

0.280 

0.071 

0.056 

0.114 

0.101 

140 

0.140 

0.106 

0.145 

0.002 

0.105 

in  the  releases  fnun  J.  Strom  Thunnond  Dam.  While  maximum  concoitrations 
of  paniculate  iron  in  the  releases  from  Hartwell  Dam  were  similar  for  1984  to 
tho^  for  1986,  increased  maximum  concentrations  were  observed  in  1987  and 
1988.  hi  contrast,  maximum  concentrations  of  particulate  iron  in  the  releases 
fnun  Richard  B.  Russell  Dam  were  lower  for  1987  and  1988  than  for  previous 
years.  In  the  releases  from  J.  Stnxn  Thurmond  Dam,  paniculate  iron  concen¬ 
trations  were  highest  in  1984  and  midwinter  of  1986-1987.  Particulate  iron 
ctmcentrations  observed  in  1985,  1986,  and  1988  were  relatively  lower.  With 
the  exception  of  conoentrations  in  the  releases  from  Richard  B.  Russell  Dam  in 
1986  and  Hartwell  Dam  in  1987,  dissolved  iron  concentrations  in  the  release 
waters  were  negligitde  during  the  study  period. 

Aldiough  concentrations  of  metals  in  release  waters  varied  annually  and 
rigorous  comparison  between  years  is  inapproprieie  widi  existing  data,  general 
temporal  and  spatial  trends  were  apparent  Lower  manganese  and  iron  concen¬ 
trations  in  1987  tmd  1988  in  the  releases  from  Richard  B.  Russell  Dam  suggest 
a  reduction  in  metals  export  from  the  lake.  However,  rigorous  assessment  of 
metals  loading  and  export  is  not  possible  widi  available  data. 

IXssolved  manganese  and  particulate  irtm  were  the  dominant  forms  in 
release  waters,  reflecting  influoices  of  internal  oxidation  processes.  As  i»evi- 
ously  mentioned,  oxidation  effects  of  the  oxygenation  Systran  on  the  cyding  of 
iron  are  more  pronounced  in  Richard  B.  Ru^D  Lake  t^  on  mariganese 
cycling,  and  system  operation  impacts  the  tran^rt  and  deposititm  of  these 
metals.  While  the  effects  of  system  operation  tm  the  transport  of  manganese 
and  iron  in  the  three-lake  system  is  not  easily  quantified,  initial  assessment  of 
system  operation  is  possible.  System  operation  has  varied  each  year,  with  the 
upstream  system  primarily  operated  in  1985,  the  downstream  system  in  1986, 
a^  both  systems  in  1987  and  1988  (the  iqrstream  system  was  turned  on  in 
mid-July  in  1987  and  in  August  in  1988).  As  a  result  of  varied  system  opera¬ 
tion,  deposition  patterns  of  oxidized  iron  vary  and  influence  transport  of  partic¬ 
ulate  iron  from  Richard  B.  Russell  Lake.  SpecificaUy,  during  operation  of  the 
downstream  system,  oxidation  of  iron  occurs  closer  to  the  hydraulic  with¬ 
drawal  zone  higter  concentrations  of  particulate  iron  occur  in  release 
waters  than  during  operation  of  the  upstream  system.  When  die  upstream 
system  is  operated,  iron  oxidation  also  occurs  but  increased  precipitation  dur¬ 
ing  transport  to  tte  hydraulic  withdrawal  zone  results  in  lower  release  concen¬ 
trations  and  less  transport 
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Figure  45.  Dissolved  and  particulate  iron  concentrations  (mg/f)  in  the  release 
waters  from  Hartwell  Dam  (sta  200),  Richard  B.  Russell  Dam 
(sta  050),  and  J.  Strom  Thurmond  Dam  (sta  010),  1984-1988 
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6  Conclusions 


Pronounced  changes  in  water  quality  in  Richard  B.  Russell  Lake  following 
impoundment  occurred  primarily  in  the  summer  of  1984.  the  first  year  of 
impoundment.  Temporal  trends  in  water  quality  observed  in  Richard  B. 

Russell  Lake  after  tte  first  year  of  impoui^ent  were  similar,  however. 

While  concentrations  of  total  oiganic  carbon,  i^sphorus,  and  nitrogen  were 
similar  in  post-impoundment  years,  spatial  differences  in  concentrations  of 
manganese,  iron,  and  chloroi^yll  varied  somewhat  during  the  study. 

Manganese  and  iron  dynamics  are  the  most  pronounced  of  observed  choni- 
cal  parameters.  Manganese  and  iron  concentrations  increase  seasonally  in  die 
hypolimnion  but  respond  dissimilarly  to  oxidation  processes.  Iron,  which  is 
oxidized  more  readily  than  manganese,  is  transport^  primarily  as  particulates. 
Conversely,  manganese  is  transported  in  the  th^-lake  system  primarily  in  the 
dissolved  form.  Insufficient  data  for  calculation  of  mass  balances  preclude 
evaluation  of  metals  transported  fiom  the  three-lake  system.  However,  Richard 
B.  Russell  Lake  retains  some  quantity  of  particulate  iron,  due  to  operation  of 
the  oxygenation  system,  thereby  potentially  reducing  transit  downstream. 

Concentration  peaks  of  chlorophyll,  observed  in  spring  and  late  summer, 
suggest  temporal  variation  previcusly  not  discernible  in  the  lakes.  Althou^ 
biomass  estimates  of  fdiytoplankton  were  tx>t  conducted,  increased  chloroidiyll 
concentrations  may  be  attributed  to  increased  jdiytoplankton  biomass.  Identifi¬ 
cation  of  phytoplankton  species  was  not  conduct^  either,  but  seasonal  succes¬ 
sion  of  i^ytoplankton  species  may  have  contributed  to  observed  peaks  in 
chlorophyll  concentration. 

Water  quality  in  the  main  stem  region  of  Richard  B.  Russell  Lake  appears 
to  be  improving  annually  as  evidenced  by  decreasing  maximum  concentrations 
of  chraiical  parameters  and  decreased  extent  of  anoxic  regions.  Annual  vari¬ 
ability  in  the  area  influenced  by  the  oxygenation  system  makes  assessment  of 
this  region  difficult,  however.  Consequently,  evaluations  of  embayment  and 
upstream  conditions  may  be  more  tqrplicable  for  assessment  of  water  quality 
trends.  While  conditions  in  the  tributary  embayments  remained  similar  for  the 
S-year  period,  water  quality  in  the  upstream  region  has  improved  each  year 
since  impoundment  Differences  in  water  quality  between  main  stem  and 
embayment  stations  suggest  that  inflow  quality  to  these  regions  has  a  pro- 
tioutM^  effea  on  water  quality  within  each  region.  However,  discharge 
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concentrations  leAected  conditions  in  the  forehay  region  of  the  lake,  suggesting 
influences  of  tributary  water  quality  on  discharge  water  quality  are  dampened 
in  the  main  stem. 

Operation  of  the  oxygenation  system  greatly  influences  water  quality  above 
and  below  Richard  B.  Russell  Dam.  Operation  of  the  oxygenation  system 
successfully  maintained  dissolved  oxygen  concentrations  near  the  target  level 
of  6  mg/(  in  the  releases  of  Richard  B.  Russell  Dam  throughout  the  period  of 
stratification.  Calculations  of  dissolved  oxygen  concentrations  in  the  releases 
with  and  without  oxygenatim  indicate  that  the  oxygenation  system  increases 
dissolved  oxygen  concentrations  af^roximately  2  mg/C  under  current  operating 
conditions.  As  mentioned  previously,  the  oxidation  and  resultant  precipitation 
of  reduced  (i.e.  dissolved)  iron  is  enhanced  due  to  operation  of  die  oxygenation 
system.  Effects  of  the  system  on  reduced  or  dissolved  manganese  are  less 
pronounced,  however. 

Annual  trends  in  the  distribution  of  temperature  and  dissolved  oxygen  in 
the  main  stem  region  of  J.  Strom  Thurmond  Lake  were  observed.  Hypolim- 
netic  temperatures  in  J.  Strom  Thurmond  Lake  are  approximately  2  lower 
since  1984  due  to  cooler  inflows  from  Richard  B.  Russell  Dam.  Dissolved 
oxygen  concentrations  in  the  hypolimnion  appear  to  be  lower  in  the  forehay 
region  but  are  greater  in  the  midstream  region  since  1984.  Possible  explana¬ 
tions  for  these  changes  include  effects  of  impoundmem  and  subsequent 
changes  in  inflow  quality,  armual  variability,  and  effects  of  low  inflow  periods 
experienced  in  1986,  1987,  and  1988. 
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7  Recommendations 


Monitoring  of  physical,  chemical,  and  biological  parameters  in  Hartwell, 
Richard  B.  Russell,  and  J.  Strom  Thurmond  Lakes  should  be  continued  to 
allow  further  evaluation  of  impacts  of  impmmdment  of  Richard  B.  Russell 
Lake  on  the  water  quality  of  J.  Strom  Thurmond  Lake.  Of  particular  interest, 
is  the  effect  of  the  oxygenation  system  on  release  and  downstream  water  qual¬ 
ity.  Additionally,  seasonal  in  situ  monitoiing  in  the  downstream  region  of 
Richard  B.  Russell  Lake  and  in  release  waters  should  be  maintained  to  ctm- 
tinue  assistance  in  operation  of  the  oxygenation  system. 

Lastly,  water  quality  sampling  should  continue  to  address  water  quality 
processes  in  the  tailwater  and  forebay  region  of  Ridiard  B.  Russell  Dam  and 
Lake  to  provide  a  baseline  of  water  quality  conditions  prior  to  initiation  of 
pumped-storage  (^rations.  Changes  in  die  timing,  duration,  and  velocity  of 
flows  resulting  from  pumped-storage  operation  may  impaa  nutriem  and  metal 
distribution  and  {diytoplankton  and  zooplankton  dynamics  in  die  Richard  B. 
Russell  Lake  forebay  and  J.  Strom  Thurmond  Lake  headwater  region. 
Pumped-storage  operations  may  {Hovide  an  upwelling  of  nutrients  to  surface 
waters  and  affect  dianges  in  nutrient  and  metal  distributions.  Riytoplankton 
and  zooplankton  response  to  hydraulic  changes  and  varied  distribution  of  nutri¬ 
ents  may  include  changes  in  production  and  species  composition  of  the  plank¬ 
tonic  cmnmunities.  Since  changes  in  {diytoplankton  and  zooplankton 
populations  may  impact  fisheries,  water  qutdity  sampling  should  continue  in 
the  upstream  region  of  J.  Strom  Thurmoitd  Lake.  Finally,  the  effectiveness  of 
the  oxygenation  system  in  the  downstream  region  of  Richard  B.  Russell  Lake 
and  headwater  region  of  J.  Strom  Thurmond  Lake  should  be  determined  fol¬ 
lowing  initiation  of  pumped-storage  operation. 
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Appendix  A 
Analytical  Procedures 


Quality  Control 


Rq)licate  sanqdes  were  obtained  from  foar  to  six  randomly  selected 
sampling  locations  during  each  samiding  trip.  These  samples,  which  generally 
rqxesented  approximately  10  percent  of  the  total  number  of  samites,  provided 
a  means  for  estimating  errors  due  to  sam;^g  and  intrinsic  variaUlity. 
Coefiicients  of  variation  (CV)  have  bear  calculated  for  each  variaUe  for  each 
rq)licate  and  then  a  mean  of  the  (TV’s  has  been  calculated.  These  means 
(Table  Al)  rei»esent  die  relative  sampling  precision  and  provide  a  method  for 
conqiaring  different  analytical  procedures. 

The  analytical  precision  of  each  assay  was  evaluated  by  sfditting  samites  in 
the  laboratory  and  analyzing  eadi  subsample  sq>arately.  As  with  rqdicates. 


Table  Ai 

Mean  Coefficients  of  Variation  for  Replicate  and  Split  Samples 

VarlaMa 

Split  Semplse 

Total  aMlinity 

1.9  (25)' 

3.9  (23) 

Total  Organic  carbon 

3.2  (24) 

1.9(23) 

Dissolved  organic  carbon 

4.9  (24) 

1.7  (23) 

Total  phoepborus 

6.6  (24) 

7.0  (22) 

Total  soluble  phosphorus 

2.9  (24) 

3.2  (22) 

Soluble  reactive  phosphorus 

3.9  (24) 

3.4  (22) 

Total  nitrogen 

9.6  (24) 

11.5  (20) 

Total  dissolved  nitrogen 

9.9  (23) 

9.0  (23) 

Ammonia  nitrogen 

2.1  (24) 

3.6  (23) 

Nitrale-nHiilB  nitrogen 

1.5(22) 

1.9  (23) 

Total  iron 

9.8  (24) 

8.1  (23) 

DissoKadiron 

17.9(22) 

0.4  (23) 

Total  manganese 

6.3  (24) 

1.3(23) 

Dissolved  manganese 

3.5  (23) 

0.9  (23) 

1  '  Number  of  samples  denoted  in  parentheses.  | 
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split  samples  were  randomly  selected  for  each  sampling  period.  These  samples 
(Hovided  a  test  of  analytical  reliability  and  a  measure  of  tte  normal  variability 
due  to  analysis.  The  CV  was  calculated  for  each  split  which  had  values  above 
the  detection  limit  and  mean  CV’s  were  calculated  for  each  variable 
(Table  Al). 

The  accuracy,  or  description  of  how  closely  analyzed  values  are  to  the 
actual  values,  was  evaluated  by  the  analysis  of  sjriked  samples  prepared  in  the 
laboratory.  Laboratory  values  were  compared  with  spike  values  and  recorded 
as  percent  recovery  (i.e.,  the  lab  value  expressed  as  a  percent  of  the  actual 
value).  These  results  are  presented  in  Table  A2. 


Table  A2 

Mean  Percent  Recovery  for  Laboratory  Spiked  Samples 

VariaWa 

Itowi  PsfOMit  Rscovsfy 

Total  alcaijniv 

04.2  (24)' 

Total  organic  carbon 

101.1  (24) 

Total  phosphorus 

03.2  (24) 

Total  soluble  phoaphoruB 

1X.3  (23) 

Soluble  raactive  phosphorus 

06.7  (24) 

Total  nitrogen 

106.7  (24) 

Tom  dissolved  nibagan 

100.8  (23) 

Anuiwnia  nibogan 

02.7  (23) 

NibBis-nitrils  nibogen 

08.1  (24) 

Tomiran 

08.0  (24) 

Dissolved  iron 

84.5(24) 

Tom  manganese 

107.5  (18) 

Diasolved  manganese 

102.1  (18) 

1  '  Number  of  samples  denoted  in  parentheses. 

Analytical  Methods 

The  analytical  methods,  detection  limits,  equipment  used,  and  calibration 
methods  are  described  below. 


Water  column  depth 

Mediod:  Depth  sounding. 
Detection  Limit:  0.1  m. 


Secchi  diec  traneparency 

Mediod;  Mean  depth  of  distqipearance  and  reappearance  of  disc. 

Detectitm  Limit:  0.1  m. 

Equipment:  20-cm  Seeds  disc  with  alternating  black  and  white  quadrants. 
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Walsr  temperatura' 


Method:  Thermistor  theimometer. 

Detectitm  Limit:  0.1 

Calibration:  National  Bureau  of  Standards  certified  thermometer. 


Disaolved  oxygmi' 

Mediod:  Memtouie  electrode. 
Detectitm  Limit:  0.1  mg/(. 
Calibratioa'  Air  calibratioa 
Reference:  Hydiolab  Coip.  (1985)^. 


Specific  conductance' 

Method:  Electrometric. 

Detection  Limit:  1  ^S. 

Calibration:  Conductivity  standard  solutions. 

Reference:  Hydrolab  Coip.  (198S). 

Comments:  All  readings  were  corrected  for  temperature  to  25  ^C. 


pH' 

Method:  Electrometric. 

Detection  Limit:  0.1  pH  unit. 

Calibration:  Determination  of  pH  with  pH  7  and  pH  4  buffer  solutions. 
Reference:  Hydrolab  Coip.  (1985). 


Oxidation-reduction  potential' 

Method:  Electrometric. 

Calibration:  Fenic/feirous  iron  solution  staiKiardized  to  475  mV. 
Refemice:  Hydrolab  Coip.  (1985). 


Alkalinity 

Mediod:  Potentiometiic  titraticm. 

Detection  Limit;  1.0  mg/t  as  CaC03. 

Calibratitx):  pH  meter,  Beckman  Model  Zeromatic  IV  (Beckman  Instruments 
Inc.,  Fullerton,  CA). 


'  in  tku  measurements  made  widi  Hydrolab  Surveyor. 

^  References  cited  in  this  appendix  are  located  at  the  end  of  the  main  text. 
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Reference;  American  Public  Health  Association  (1980). 

Sami^  Handlii^:  Analyzed  within  24  hr  of  samide  collection. 


Carbon 

A.  Total  Organic  Carbon  (TOC) 

Method;  Acid-spaige;  infrared  analysis. 

B.  Total  Filterable  Organic  Caibon  (DOC) 

Method;  Acid-spai^e;  infrared  analysis  on  sample  filtered  through  a 
glass  fiber  filter. 

Detection  Limits;  0.2  mg  C/1 

Calibration;  Per  manufacturer’s  guidelines;  standard  curves. 

Equipment:  Caibon  analyzer  (Beckman  Model  91SB,  Beckman  Instruments 
Inc.,  Fullerton,  (ZA). 

Reference:  U.S.  Environmental  Protection  Agency  (1979). 

Samfde  Handling:  Stored  at  4  °C  prior  to  analyses.  Hlteied  on  day  of 
collection.  Analyses  performed  within  2  weeks. 


Phosphorus 

A.  Total  Phoqdiorus  (TP) 

Method;  Sulfiiiic  acid-peisulfate  oxidation  digestion;  automated 
ascorbic  acid  calorimetric  method. 

B.  Total  Soluble  Fhosfdiorus  (TSP) 

Method:  Sulfuric  acid-persulfate  oxidation  digestion  on  sample  filtered 
through  0.45-ffiicran  membrane  filter,  automated  ascorbic  acid 
calorimetric  method. 

C.  Soluble  Reactive  Phos[^nis  (SRP) 

M^hod;  Automated  ascorbic  acid  calorimetric  methods  after  filtration 
through  a  0.4S-micron  membrane  filter. 

Detection  Limits:  0.(X)S  mg  P/t  (dependent  upon  range  used  in  analyses). 
Calibration:  Standard  curves  at  beginning  and  end  of  each  batch  of  samples. 
Equipment:  Autoanalyzers  (Technicon  Auto  Analyzer  n,  Technicon 
Instruments  Coip.,  Tarrytown,  NY). 

Reference:  American  Public  Health  Association  (1980). 

Sample  Handling:  Stored  at  4  "C  prior  to  aiudysis,  filtered  day  of  collection. 
Anoxic  samples  filtered  in  field  and  held  anoxic  in  syringes.  Digestion  on 
day  of  collection.  SRP  analyzed  within  48  hr  of  collection.  TP  and  TSP 
an^yzed  within  72  hr  of  collection. 
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A.  Total  Nitrogen  (TN) 

Method:  Sulliiric  acid  persulfate  oxidation  digestion;  DeVaida’s  Alloy 
reduction  (Raveh  and  Avnimelech  1979);  automated  phenol-hypochlorite 
calorimetric  method. 

B.  Total  Soluble  Nitrogen  (TSN) 

Method;  Same  as  above  except  sample  was  filtered  through  a 
0.4S-micron  membrane  filter  prior  to  digestion. 

C.  Anunonia  Nitrogen  (NH4-N) 

Method:  Automated  phenol-hypochlorite  calorimetric  method. 

D.  Nitrate-Nitrite  Nitrogen  (NOj/NOj-N) 

Method:  Automated  cadmium  reduction  calorimetric  method,  sample 
filtered  through  a  0.4S-micron  memt»ane  filter  prior  to  analysis. 

Detection  Limits:  0.02  mg  N/J  for  TN,  TSN,  and  NH4-N;  0.04  mg  N/«  for 
NCVNO2-N  (dqrendent  upcxi  range  used  in  analysis). 

Calibration:  Standard  curves  at  beginning  and  end  of  eadi  batch  of  samples. 
Equipment*  Autoanalyzers  (TechnictHi  Auto  Analyzer  n,  Technicon 
Inkiument  Corp.,  Tarrytown,  New  York). 

Reference:  American  Public  Health  Ass^aticm  (1980). 

Sample  Handling:  Stored  at  4  ®C  prior  to  analyses,  filtered  day  of  collection. 
Anoxic  samples  filtered  in  die  field  and  held  anoxic  in  syringes.  Digestion  on 
day  of  collection.  DeVaida’s  alloy  added  16  to  20  hr  prior  to  analyses. 

NH4-N  and  NO3/NO2-N  analyzed  within  48  hr  of  sample  collecdorL  TN  and 
TSN  analyzed  within  96  hr  of  sample  collection. 

Comments:  TN  and  TSN  analyses  performed  on  samples  digested  for  TP  and 
TSP,  re^cdvely  (i.e.  one  digestion  for  both  elements). 


Sumde 

Method:  Lead  sulfide. 

Detection  Limit:  0.1  mg/(. 

Reference:  Hach  Chemical  Co.  (1978). 


Metals 

A.  Total  Iron  and  Manganese  (TFe,  TMn) 

Method:  Hydiochlotic/nitric  acid  reflux  digestion,  atomic  absorption 
spectiDfdiotometry. 
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B.  Dissolved  bon  and  Manganese  (DFe,  DMn) 

Method:  Samfde  filtered  through  a  0.1 -micron  membrane  filter,  atomic 
absorption  spectrophotometry. 

Detectitm  Limits:  O.OS  mg/f 

CaUbration:  Standard  curves  per  manufacturer’s  guidelines. 

Equipment:  Atomic  absorption  spectrophotometer  (Model  4(XX),  Bodenseewerk 
Perkin-EImer,  and  Company,  Uberiingen,  West  Germany). 

Reference;  American  F^blic  Health  Association  (1980). 

Sample  Handling:  Hltered,  acidified  (pH<2),  and  stored  at  4  °C.  Anortic 
samples  filtered  in  field  and  held  anoxic  in  syringes.  Digestion  and  aruilysis 
within  72  hr  of  collectitm. 


Chlorophyll  a 

As  in  previous  years  of  this  study,  samples  for  analysis  of  chloroi^iyll  a 
were  taken  as  integrated  depth  samples  at  deptits  equivrdent  to  twice  the  Secchi 
depth.  ChloroiAyll  a  and  other  phytopigments  were  extracted  using  a 
modified  ptoc^ure  which  employs  dimethyl-foimamide  as  the  solvent  This 
method  is  more  r^rid  and  efficient  and  has  been  previously  described 
(Speziale  et  al.  19M;  Hains  1985).  Otherwise  the  analysis  is  identical  to  the 
procedure  used  in  previous  years  of  this  study. 
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